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Abstract 
Skills associated with collaborative problem solving (CPS), especially in STEM-
related disciplines, are increasingly regarded as essential for success in work and life.  In 
the last decade, simulation-based games have emerged as rich environments for the 
situated learning of such skills, and are instrumental in the study of CPS because they 
provide rich data for detailed analysis of discourse and social interaction.  One type of 
social interaction, Academically Productive Talk (APT), has been found to support 
collaborative activity, encourage knowledge integration, and promote academic gains for 
individuals.  However, little is known about the relationship between APT and how 
groups develop complex STEM thinking.  Additionally, despite evidence that students’ 
attitudes affect social interaction during collaborative activity, little is known about how 
collaborative social interaction may affect students’ attitudes. 
The primary goals of this study were to examine CPS discourse in order to: 1) 
investigate the relationship between the qualities and characteristics of how groups talk 
and what groups talk about; and 2) understand whether how groups talk effects a change 
in students’ attitudes.   To meet these aims, this study paired conversation analysis with 
an innovative analytical methodology, Epistemic Network Analysis (ENA), to study 
groups’ endogenous use of APT and its relationship with substantive qualities of group 
discourse in the virtual simulation of professional practice in engineering, Nephrotex. 
This study presents empirical evidence that, (1) specific APT-style contributions 
were effective for introducing critical, domain-specific evidence into student discourse, 
and (2) more use of APT in group discourse resulted in better knowledge integration of 
  
xviii 
human-centered design constraints (i.e., their client’s needs; their consultants’ interests) 
and data analysis.  These findings varied in terms of how, when, and what type of, 
integration occurred.  No evidence was found to suggest that students’ participation in 
groups that engage in more APT affects a positive change in their attitudes.   A better 
understanding of the effects of APT in a simulation-based game environment can be used 
to inform the ongoing research and development of technologies capable of shaping and 
observing discourse as it occurs in virtual environments for learning, and that support 
students’ development of CPS skills. 
  
1 
 
Chapter One 
Introduction 
1.1 Background and Context 
Educational practice in America has changed little in the 29 years since Resnick 
(1987) characterized the disparity between “school” learning and the kinds of learning 
commonly experienced and expected in life outside of schools.  Her first observation is 
that schoolwork and learning focus almost exclusively on individual efforts as opposed to 
collaborative ones.  Second, she notes that schoolwork tends to emphasize “unaided 
thinking” as opposed to the use and application of discipline specific tools and resources.  
And finally, in school she argues that students are taught through exposure to 
abstract/symbolic, rule-based thinking and general/theoretical skills as opposed to 
interaction with authentic, complex scenarios representative of the kinds of situations and 
problems they may encounter in their personal and/or work lives.  In short, our current 
educational practice “remains doggedly committed to imparting facts and algorithms” 
(Perkins and Salomon, 1989, p. 23) with little accounting for the ongoing shifts in the 
types of knowledge and skills society values as outcomes in education, coupled with 
changes in characteristics and environments that learners bring to schools today. 
However, as Vendlinski et al. (2008) point out, 
…educational stakeholders are increasingly asking that students not only 
demonstrate that they can re-present a corpus of learned knowledge but 
also demonstrate the reasoning necessary to apply that knowledge to solve 
problems likely to be faced in future educational and life pursuits (p. 309). 
 
Foreshadowed in the work of Murnane and Levy (1996) and the SCANS 2000 report 
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(Department of Labor, 1991), researchers and practitioners from a variety of domains are 
converging on the need for students to engage in “deeper learning,” which the NRC 
(2012) characterizes as the process of developing “broad, transferable skills and 
knowledge, often referred to as 21st century skills” (p. 1-1) and is “the process through 
which an individual becomes capable of taking what was learned in one situation and 
applying it to new situations (i.e. transfer) and to the solving of new problems” (p. Sum-
4). 
Many organizations and associations have developed and recommended 
frameworks that define these skills in order to inform policy, guide the work of schools, 
and orient their instructional approaches and outcomes to meet the needs of 21st century 
learners and society (c.f., Partnership for 21st Century Skills, 2006; the American 
Association of College and Universities, 2007; Hewlett, 2010a; 2010b; Assessment and 
Teaching of 21st Century Skills (ATC21S); NRC, 2012).   In his review of many of the 
aforementioned frameworks, Dede (2010) concludes that they are largely consistent in 
terms of the kinds of skills that should be incorporated into educational practice.  More 
recently, the field has converged on a conception of deeper learning as the imparting of 
skills that can be roughly organized into three central domains: the cognitive (e.g., 
processes and strategies, critical thinking, reasoning, information literacy, etc.), the 
intrapersonal (e.g., metacognition, flexibility, work ethic, initiative, etc.), and the 
interpersonal (e.g., teamwork, collaboration, communication, leadership, etc.) (Dede, 
2014; Hewlett, 2010a, NRC, 2012, ATC21S)  
Some argue that the call to incorporate deeper learning competencies in school 
learning too heavily privileges skills and project-work disconnected from mastery of 
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content knowledge (Common Core, 2011).  However, a careful reading of the literature 
put forth by proponents of deeper learning shows that their proposals and frameworks are 
not only inclusive of the mastery of content area knowledge, but present evidence that 
this mastery is the key lever through which to impart and assess these competencies.  The 
arguments in favor of deeper learning emphasize a corpus of skills and transferable 
knowledge that form the backbone of a student’s preparation to pursue a broad range of 
life choices and passions.  These competencies comprise what effective education has 
always provided students and represent, “dimensions of human competence that have 
been valuable for many centuries, rather than skills that are suddenly new, unique and 
valuable today” (NRC, 2012, p. 3-9; see also: Silva, 2009; Rothman, 2011; Alliance, 
2011). 
In particular, research finds statistically significant, positive correlations between 
deeper learning and a broad range of adult outcomes (NRC, 2012) including personal and 
work outcomes (Cascio, 2010), civic engagement (Bedolla, 2010), self-regulated learning 
(Wolters, 2010), and resilience (Masten et al., in Coatsworth, 2010).  Furthermore, 
research suggests that enhancing instruction with goals that reach beyond content 
knowledge by incorporating deeper learning competencies contributes to lasting learning 
experiences (Bergman, 2010) and supports the development of a mindset that allows for 
individuals to develop self-sustaining strategies for learning, as well as become effective 
in professional and leadership roles in society (Finegold and Notabartolo, 2010; Dweck, 
2009; Boyatzis, 2008; Levy and Murnane, 2006).  
Unfortunately, there is little consensus on best practices that can be used as 
models for teaching or assessing these skills (Markham et al., 2003; Darling-Hammond & 
  
4 
Adamson, 2010), although initial work has begun to identify and codify approaches (c.f., 
EdLeader21; Innovative Teaching and Learning Research; ACT21S; Lampert (in press); 
Darling-Hammond, Noguera, & Friedlaender (2015).  Furthermore, while most OECD 
countries have included so called 21st century skills in their regulations, guidelines, 
and/or curriculum reform initiatives, there are no clear assessment policies or practices in 
place at scale.  This is due, in large part, to a dearth of “definitive research on the range of 
skills and behaviors that have come to fall under the headings of ‘deeper learning’ and 
‘21st century skills’” (NRC, 2010, p. Sum-2) and to a lack of measures by which to 
assess them (Finegold and Notaboartolo, 2010; Ananiadou and Claro, 2009; Boyatzis, 
2008). 
What is made clear in recent publications, however, is teachers and schools 
should embrace and deploy a suite of digital technologies that can facilitate the types of 
practices (e.g., interdisciplinary investigations; collaborative problem solving; 
personalized and connected learning) that have been found to further such outcomes 
(Dede, 2014).  This is especially true given the ever-changing landscape of the types of 
learners we see in schools today, whose experiences with technology can be leveraged 
and extended by learning that incorporates tools and media providing real-time access to 
information and knowledge sharing, thus preparing them for a new world of work that 
uses technology to interact and distribute tasks and resources across time and space 
(Dede, 2014; Prensky, 2001). 
 In particular, the development of competency in collaborative problem solving 
(CPS) - skills associated with collaboration, communication, and problem solving - holds 
prominence in popular interest, practice, and research regarding its value as a learning 
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processes and as a capability useful in learning, work, and life (OECD, 2013; NRC, 2012; 
Levy and Murnane, 2006).  One recent definition for CPS, provided by the OECD (2013) 
for use in the administration of the PISA 2015, is: 
…the capacity of an individual to effectively engage in a process whereby 
two or more agents attempt to solve a problem by sharing the 
understanding and effort required to come to a solution and pooling their 
knowledge, skills, and effort to reach that solution” (p.  6). 
 
The three core competencies that undergird CPS are the ability to (1) establish and 
maintain shared understanding, (2) take appropriate action, and (3) establish and maintain 
team organization (OECD, 2013).  Relatedly, there is a range of intra- and inter-personal 
(i.e., social) skills detailed in the literature (c.f., Griffin at al., 2011; 2012; O’Neill et al., 
2003; OECD, 2013) that are integral to CPS competency and that occur through social 
interaction in groups.  These social and cognitive skills include: 
1) participation and cooperation (i.e., contributing knowledge to the group); 
2) task regulation (i.e., understanding the information and resources needed 
to complete the task); 
3) knowledge building (i.e., contributing information and skill-based knowledge); 
4) social regulation (i.e., negotiating misunderstandings and conflicts of ideas); 
5) perspective taking (i.e., considering the ideas put forth by others); 
6) using judgment, identifying alternatives, and evaluating consequences; and 
7) exercising leadership (i.e., coordinating activities and of the team). 
As such, the current interest in CPS highlights the importance of a continued 
“zooming in” on the black box of collaboration, discourse, and situated social interaction 
in the context of problem solving.  To understand these processes, researchers suggest 
using mixed-methods analysis of conversational data to “make visible” the learning of 
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individuals and small groups (Dillenbourg, 1999; Stahl, 2006) by observing their 
participation in  “concrete activities directly and identifying methodic patterns 
endogenous to the activities themselves” (Moore, 2012, p. 232). 
Various proposals exist to address the gulf between the competencies we want 
students to obtain and the approaches we have to get them there.  One promising medium 
is “serious games,” a term used to distinguish the use of an immersive digital 
environment designed as a game to explicitly educate or train (Shute et al., 2009). Such 
games have received extensive treatment in the literature regarding how they provide 
powerful learning environments and about their potential to teach, measure, and validate 
the development of deeper learning competencies.  Importantly, they are an example of 
an environment that “inverts” the traditional model of learning by proposing that through 
learning to be, students begin to learn about (Thomas and Brown, 2009). 
1.2 Objectives of Dissertation 
Within this broad landscape of research, the aim of my study was to examine the 
different effects of collaborative discourse in a problem-solving task within a serious 
game environment by using conversation analysis - an empirical and inductive approach 
concerned with how social interaction is organized in general, and how it is accomplished 
through “talk-in-interaction” – coupled with Epistemic Network Analysis (ENA).  ENA 
is an innovative analytical methodology1 used to measure the development of complex 
STEM thinking (Arastoopour et al., 2014; Choi et al., 2010).  A detailed discussion of 
ENA is provided in Chapter 3. 
                                                
1 Developed by Epistemic Games Group (EGG) and the Games and Professional Simulations Research 
Consortium (GAPS) at the University of Wisconsin-Madison.  For further detail about EGG/GAPS see 
http://edgaps.org/gaps/. 
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In particular, I used this methodology to study the endogenous nature of one type 
of conversational interaction, Academically Productive Talk (APT), and its relationship 
with substantive qualities of group discourse to better understand how to improve and 
extend the affordances these virtual environments provide to support collaborative 
learning (Moore, 2013; Sacks et al., 1974).   APT, which will be discussed further in 
Chapter 2, codifies a body of conversational behaviors and interactions (i.e., “moves”) 
that research shows promote reasoned participation, foster effective discourse, provide 
access to improved knowledge structures, and yield increases in academic achievement 
(Michaels et al., 2008; Adamson et al. 2013; Kumar and Rosé, 2011). 
1.3 Structure of Dissertation 
In Chapter 2, I present a review of the literature for my proposed study by 
discussing the different strands of research that informed my theoretical model to study 
the effects of Academically Productive Talk in discourse on the development of an 
epistemic frame of professional practice in engineering and on a change in students’ 
attitudes and perceptions (i.e., commitment, self-confidence and self-efficacy) toward 
engineering (Figure 1.1). 
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Figure 1.1.  Theoretical model of the effects of Academically Productive Talk underlying 
this study. 
 
Chapter 3 begins with a presentation of the specific research questions and 
hypotheses that guided this study. Following this, I present my research design that 
details the site/setting, the participant sample, the sources of data, and the variables and 
coding procedures used in this study.  Chapter 3 concludes with the description of my 
data analytic plan. 
 In Chapters 4, 5, and 6, I present the results of data analyses and the empirical 
evidence that addresses Research Questions 1, 2, and 3, respectively.  Each chapter 
includes a discussion specifically related to the research question considered in the 
chapter, and concludes with implications for practice and future research. 
Finally, in Chapter 7, I provide a summary discussion of the results of my three 
research questions.  This chapter also discussed the potential threats to validity raised in 
my study, as well as broad implication for practice and avenues for future research. 
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Chapter 2 
Literature Review 
 A number of inter-related strands of scholarship and research informed this 
study about the effects of collaborative discourse on the development of an epistemic 
frame of professional practice in engineering, and on a positive change in students’ 
attitudes and perceptions (i.e., commitment, self-confidence and self-efficacy) toward 
engineering.  In the following sections, I summarize the relevant research related to this 
examination, which address issues in the areas of: (1) learning through conversation; (2) 
collaborative learning and activity; (3) Academically Productive Talk (APT) and 
collaborative discourse; (4) games and simulations for learning; and (5) epistemic frame 
theory and epistemic games.  In my review of the literature that follows, I highlight: (1) 
how the development of my research questions was informed by gaps or limitations in the 
extant literature; and (2) and the research methods used in this study. 
2.1 Learning through conversation 
As summarized by Hartung and Wilson (in press), the literature on learning 
through conversation: (1) extends across contexts (e.g., workplace training, formal and 
informal learning, online environments); (2) focuses on a range of characteristics that 
include structural, procedural and content-related aspects of discourse; and (3) considers 
learning at both the individual and the group levels.  Studies of conversational learning 
have employed a variety of taxonomies of conversational moves, or “speech acts,” to 
study the relationship between syntactic patterns of discourse and learning (c.f., Wiley & 
Waters, 2005, Gunawardena et al., 1997; Soller, 2001; Ziegler et al., 2013).  Some 
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research uses “speech acts” to reflect the nature of contributions in conversation as they 
relate to structural roles that regulate interaction, such as turn claiming, giving/taking, 
listening, repairing, etc. (Bloomer et al., 2005; Mehan, 1979).  In other studies, “speech 
acts” refer to broadly categorized types of conversational contributions (such as 
requesting, informing, and questioning), though this approach does not consider, for 
example, what type of question is being asked, or gradations in how information is being 
presented.   In these cases, a speech act is about what an utterance does (i.e., its functional 
role in discourse), not what role it plays in the structure of conversational interaction. For 
example, asking the question, “what do you mean when you say X?” invites someone else 
to elaborate upon an idea or claim, which is different from asking a question such as, 
“what do you think about X?” (Tannen, 1990). 
Such research presents evidence suggesting that different types of broadly 
conceived speech acts are associated with different types of outcomes.  For instance, 
studies in workplace contexts report that narrative style contributions can facilitate 
knowledge transfer (Swarp et al., 2001; Leonard & Swarp, 2005) and support explicit 
knowledge representation in communities of practice (Brown & Duguid, 1991).  Other 
research suggests that the use of questions in conversation promotes active learning 
(Soller, 2001), supports complex problem solving (Brown et al, 2002), and facilitates 
group understanding (Gunawardena et al., 1997).  Another strand of research indicates 
contributions that stimulate controversy in discourse support knowledge generation and 
meaning making in groups (Gunawardena et al., 1997; Zielger et al., 2013), as well as 
influence learning outcomes (Webb & Paliscinar, 1996; Soller, 2001; Bouton & Garth, 
1983).  Some of the limitations of these taxonomies, as they are applied in research, are 
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they tend to relate conversational contributions to evidence of broadly framed outcomes 
(i.e., meaning-making, collaborative skill) that are very context-specific.  Additionally, 
these taxonomies often cluster similar types of contributions across different outcomes, 
making it difficult to ascertain whether unique relationships exist between specific types 
of contributions and particular outcomes, however they are framed.  
In an attempt to resolve these issues, recent research set out to understand the 
relationship between types of conversational moves and learning outcomes.  In their 
study of informal learning among executives in small group conversations, Wilson and 
Hartung (2015) identified five “types” of learning outcomes based on participants’ self-
reported learnings.  Their findings generally align with those presented in Anderson et 
al.’s (2001) expanded taxonomy of Bloom’s learning outcomes that categorize types of 
“knowledge” into four categories.  The first two, factual and conceptual, reflect the 
“knowing-what” aspects of knowledge.  The second two, procedural and metacognitive, 
reflect the “knowing-how” aspects of knowledge.  Mayer (2002) further suggests that 
these types of knowledge can be stratified into higher and lower level cognitive processes 
(see Table 2.1, below), and suggests that more complex thinking relates to conceptual and 
metacognitive types of outcomes. 
Table 2.1 
 
Associations between types of knowledge and levels of cognitive 
processing 
Level of 
Cognitive Process Type of Knowledge 
 “Knowing What” “Knowing How” 
Higher Conceptual Metacognitive 
Lower Factual Procedural 
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Wilson and Hartung (2015) present evidence that most conversations in their 
sample were “rich” in one type of outcome and that factors such as contribution equality 
and conversational structure were associated with these outcomes.  For instance, 
participants in conceptually- and reflectively-rich conversations posed many 
questions, contributed in equal proportions, and attended to the process of learning (e.g. 
checking in on goals, adjusting the strategy, etc.).  In contrast, informational- and 
operationally-rich conversations were strikingly different.  In these conversations, 
participants were sharing stories of practice or making statements of belief or points of 
view on a topic.  Instead of equal participation, there were one or two speakers who 
dominated the talking time and there was little, if any, attention to group process. 
A subsequent study (Hartung and Wilson, in press) found that a number of 
specific conversational moves were significantly associated with unique types of learning 
outcomes.  For instance, the three different types of inquiring moves identified in the 
study were uniquely associated with evidence of different outcomes: questions that asked 
others to explain their thinking (Probe) were associated with operational learning 
outcomes; those that drew out the perspective of others (Pose) were associated with 
conceptual learning outcomes; and those that asked others to reflect on what they were 
learning (Prompt) were associated with informational learning outcomes.  Other findings 
include that Point of View (POV) moves (i.e., statements/expressions about what one 
thinks or believes), Challenges (i.e., disagreements about an idea in discussion), and 
Puzzles (i.e., noting what one wonders about or a point of confusion) were associated 
with evidence of conceptual learning, whereas Self-stories (i.e., sharing a practice or 
anecdote from personal experience) were associated with evidence of operational 
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learning.   
It is important to note two important limitations that make it difficult to generalize 
these findings to other contexts.  The first is that, in this study (informal learning 
conversations among executives), there were no specified outcomes that participants 
were tasked with producing, nor was there a problem to be “solved.”  The second is that 
the study associated conversational participants’ self-reports about what they learned with 
the conversational moves occurring in the conversation in order to examine “how” 
participants talked and “what” they talked about (e.g., conceptual things, operational 
things, informational things, etc.). 
Even with these limitations in mind, it is still reasonable that these findings could 
be extended to consider whether particular conversational moves are associated with 
particular types of evidentiary outcomes in other learning contexts (e.g., formal, virtual, 
workplace, etc.).  In particular, because in a serious game environment participants are 
engaged in a specified task situated in a context, the associations of particular types of 
talk could be examined in relation to a less biased measure, namely evidence of “what” 
students talked about in their discourse that is evident in the digital records captured 
through game play.  Said another way, discourse data from a serious game environment 
could be examined to consider whether particular types of conversational behaviors (i.e., 
syntactic contributions) are uniquely associated with talk  “about” different types of 
things (i.e., semantic contributions).  This is an important question that, to my 
knowledge, has not been empirically studied.   
 As discussed above, evidence in the literature indicates that there are relationships 
between conversational contributions in discourse and learning outcomes in learning 
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conversations, broadly defined.  However, another area of research considers learning 
from the more particular perspective of collaborative activity in discourse.  
2.2 Collaborative learning and activity 
Little consensus exists in the literature regarding how to define “collaborative 
learning,” given the often ambiguous and shifting definitions of the terms collaboration 
and learning depending on the context (Dillenbourg, 1999; Lai, 2011). Dillenbourg 
(1999) describes collaborative learning simply as “a situation in which two or more 
people learn or attempt to learn something together” (p. 1, emphasis original).   More 
specifically, collaborative learning involves mutual engagement, synchronized effort, and 
the development of a shared understanding and solution to a problem or task.  In contrast, 
cooperative learning characterizes a division of labor to complete a task or solve a 
problem, with each participant taking responsibility for some portion of the workload, 
often with separate “solutions” contributed by each participant (Weinberger, 2003; 
Hamalainen, 2006; Dillenbourg, 1999; Roschelle & Teasley, 1995; Soller et al., 1998). 
Kumar (1996) outlines three central theories of learning that guide the processes, 
outcomes, and study of collaboration, all of which focus on the interactions among 
individuals.  The first is socio-constructivist theory.  An extension of Piaget’s work 
(1932), this theory focuses on the development of the individual in relation to social 
interaction, but tends to disregard underlying factors that may enhance learning.  Studies 
in this vein compare differences between individual and collaborative learning using 
pre/post tests.    
The second, socio-cultural theory, originates in the application of Vygotsky’s 
(1978) theories related to the zone of proximal development.  This theoretical lens is 
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concerned with the individual’s development as a function of his/her social interaction.  
Research in this paradigm is concerned with the causal effect of the independent 
application of what an individual learns through collaborative activity to a similar task or 
problem in another situation. 
The third theory governing collaborative interaction is socio-cognitive in nature.  
This perspective posits that individuals develop through interaction with the environment 
(the physical and social context) in which they learn. Therefore, the use of this theory in 
research is concerned with the social context in which learning happens and its relevance 
to real-world knowledge and skill acquisition.  Said another way, because, 
…knowledge is socially constructed [it is] best supported through 
collaborations designed so that participants share knowledge and tackle 
projects that incorporate features of adult teamwork, real-world content, 
and use of varied information sources (Scardamalia and Berieter, in press, 
p.2).  
 
Much of the research on collaborative learning in recent decades has been 
conducted in the computer-supported collaborative learning (CSCL) paradigm2.  CSCL 
makes use of technology to develop “intentional” environments that mediate, support, 
and facilitate group interaction for the purposes of learning and building knowledge 
collaboratively (Stahl, 2006).  This medium has given rise to new methods of studying 
learning and is particularly salient because, 
…[i]f we conceive of learning as situated in its specific social settings and 
as a collaborative knowledge-building process in which knowledge 
artifacts are constructed through interaction among people, then we need 
to give up the idea that learning can be adequately studied in settings that 
are divorced from the kinds of situations in which we want the learning to 
be useful (Stahl, 2008, p. 71-72). 
                                                
2 Another popular paradigm in the literature is known as a “knowledge building environment,” which is 
distinguishable from the CSCL paradigm by virtue of, “its focus on processes of knowledge creation and 
idea improvement and…its ability to represent the resulting community knowledge” (Scardamalia and 
Bereiter, 2003, p. 5). 
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In these environments, student discourse (or “communication activity”) plays a 
central role in how people learn through collaboration.  Research in CSCLs has therefore 
been instrumental in providing a closer analysis about the effects of collaboration on 
learning through analyzing the mechanisms, characteristics and processes found in social 
interaction patterns (e.g., social, verbal, text-based, etc.) (Steinkuehler, 2006; Stahl, 
2006).   In effect, CSCL environments open the “black box” of collaboration to allow for 
the study of the roles and influences that variables play in collaboration, rather than 
merely controlling for them in studies of collaborative activity (Stahl, 2006; Kumar, 
1996; Dillenbourg et al., 1995).  Importantly, studies in CSCL have revealed the value of 
social interaction from the socio-cognitive perspective (Adamson et al., 2014). 
 Research on factors that influence collaboration and its effects on learning are 
well documented, though findings vary widely.  For instance, early research by Webb 
(1991) finds that the effects of collaboration are mediated by the content and quality of 
interaction and discourse (see also Kittleson and Southerland, 2004; Soller et al., 1998).  
Studies by Blumenfeld et al. (1996) and Rahman et al. (2010) propose that there are 
particular supports and factors related to achieving particular types of learning outcomes 
in collaborative interaction, such as group composition, roles, task structure, and 
participation patterns.  More specifically, other research claims that quality of interaction 
varies positively by the heterogeneity of group composition (Van den Bossche et al., 
2006; Webb et al., 1998; Wooley et al., 2010); is influenced by participation style (e.g., 
leaders/helpers; active/passive) (Richmond and Striley, 1996), gender balance (Bear and 
Wooley, 2011), and student status (Webb, 1995); and is moderated by the degree to 
which the task requires collaborative communication (Mercer, 1996). 
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 Other research suggests important factors that affect collaborative outcomes are 
those that influence the social interaction of the group (Kreijns et al., 2003).  In 
particular, research using conversational analysis to study collaborative learning has 
identified particular features of interactions that support participants’ developing shared 
knowledge and understanding (Roschelle, 1992; Soller et al., 1998).  For instance, Soller 
et al. (1998) claim that effective collaborative interaction requires more “active learning” 
skills in discourse (i.e., justifications, elaborations, explanations), whereas cooperative 
learning relies more on skills such as leadership and trust.  Other research highlights 
factors central to understanding collaborative outcomes, such as participants’ prior 
knowledge and social ties (Hausman, Chi and Roy; 2004; Bluemink et al., 2010), patterns 
of interaction (Stahl and Hesse, 2006; Dillenbourg, 1999; Wooley et al., 2010), frequency 
of in-group activity (Schellens and Vackle, 2005; Conejo et al., 2013), and equality of 
participation and contribution (Storch 2002; 2009; Weinberger and Fischer; 2006; Van 
den Bossche et al., 2006;).  While no consensus has emerged about which factors most 
influence social interaction and collaborative learning, the literature suggests that a robust 
study of collaborative interaction should account for a variety of factors. 
A different research lens considers the relationship between the personal 
perspectives of group participants and their learning.  For example, Stahl (2006) claims 
that personal perspectives (i.e., past experience, expectations, meaning structures) 
influence the building of social knowledge through collaborative learning.  Research on 
group conversational interaction, specifically in game environments, suggests that 
participants’ attitudes, perceptions, and dispositions have a significant impact on players’ 
experience, social interaction, the outcomes of collaboration, as well as on students’ 
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performance (Bluemink et al., 2010; Kritzenberger, 2012; Giannakos, 2013; OECD, 
2013).  Given these findings, it is also reasonable to ask whether engagement in more 
collaborative interactions effects a change in a student’s attitudes and perceptions, a topic 
that to my knowledge has not been empirically explored in the literature. 
Finally, Dillenbourg (1999) suggests that research concerned with the effects of 
collaborative learning should focus on the specific effects of particular categories of 
interaction, rather than on the effects of collaborative learning in general.  To do so, many 
researchers have approached the analysis of interactions in discourse using derivations of 
frameworks such as those developed by Toulmin (1985) or Berkowitz and Gibbs (1979, 
1983).  However, a recent framework, Accountable Talk® (also referred to as 
Academically Productive Talk), is also promising given its current use in educational 
practice and research, and its grounding in a socio-cultural perspective of learning 
(Michaels et al., 2008). 
2.3 Academically Productive Talk and Collaborative Discourse  
Academically Productive Talk (APT) is a content-independent framework of 
conversational behaviors that emphasizes the importance of social interaction to facilitate 
accountability to a community of learners, to knowledge, and to accepted standards of 
reasoning through collaborative discourse (Michaels et al., 2008; Adamson et al. 2013; 
Resnick et al. 1993).   APT codifies a body of conversational behaviors and interactions3 
(i.e., “moves”) that 15 years of research show promote reasoned participation, foster 
effective discourse, provide access to improved knowledge structures, yield increases in 
academic achievement, and facilitate transfer to other domains (Michaels et al., 2008; 
                                                
3 Core moves include:  “Say More,” “Press for Reasoning,” “Revoice,” “Restate,” “Add More,” 
“Agree/Disagree,” “Explain,” and “Challenge.” 
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Adamson et al. 2013; Resnick et al. 1993, 2013; Kumar and Rosé, 2011; Rosé et al., 
2015).  Recent research in CSCL has employed the APT framework to design 
collaborative “scripts4” and “intelligent conversational agents5” that confirm and extend 
prior findings.  Studies using such tools report that APT effectively supports 
collaborative learning (Adamson et al., 2014; Hamalainen, 2006; Weinburger et al., 
2005) and yields substantial gains in learning based on pre/post test scores (Chaudhuir et 
al., 2009; Ai et al., 2010; Kumar et al., 2010). 
Of particular interest is Adamson et al.’s (2014) summary of findings from a 
number of experimental studies employing dynamic APT scripts with conversational 
agents in high school and undergraduate STEM-focused courses.  These studies tested the 
effects of two facilitative moves, Revoice and Agree/Disagree, on learning gains and 
student interactivity.  In the experimental conditions the conversational agent, based on 
the automated evaluation of prior student contributions, inserted these moves into the 
flow of students’ synchronous chat discourse as they solved a CSCL task.  The 
researchers present evidence that suggests that the use of these moves is followed by 
“pockets of intensive discussion” and yield gains in achievement, though the effects 
varied by context (i.e., difficulty of the material and age level of students). 
For instance, in studies of 9th grade science learners (see Dyke et al., 2013), the 
Revoice move was found to be an effective support for collaborative learning when 
students engaged with challenging and/or unfamiliar material.  In particular, the 
researchers report a significant and positive correlation between the number of 
                                                
4 Schemas that facilitate collaborative learning and activity. 
5 CSCL interfaces designed to provide interventional (i.e., facilitative) support for students engaged 
in collaborative tasks/activities such as Basilica (see Kumar and Rose, 2011) and more recently, Bazaar 
(see Adamson and Rose, 2012). 
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“revoicable assertions” contributed by a student and those contributed by their teammates 
in their discussions, suggesting that the initiation of the Revoice move by the 
conversational agent elicited more substantive and critical interactions between students.  
These effects were diminished, however, when the CSCL task material was more familiar 
(i.e., easier) in the same student sample. 
Further studies conducted with college freshman found mixed effects (see 
Adamson et al., 2014).  For example, in a CSCL task in an engineering design course 
using material familiar to students, there was a negative effect on learning outcomes 
related to the use of the Revoice move by the agent.  However, a significant and positive 
correlation in the control condition between the frequency of a student’s unprompted use 
of this move in the course of conversation and that of their teammates suggests that the 
endogenous use of the Revoice move by students increased interactivity in students’ 
discourse.   The authors conclude that “more advanced learners are already good at 
articulating their own ideas [and that the Revoicing support] is unneeded for them.  
Rather, they need to be pushed beyond that to connect to the reasoning of their partner 
students” (ibid, p. 120).    
In a fourth study (again with college freshman) the experimental condition 
centered on the use of the Agree/Disagree move in a chemistry-focused CSCL task.  
Findings indicated that the use of this move by the agent intensified student interactions 
and yielded increases in learning.  As above, this study also indicated a significant and 
positive correlation between the number of “revoicable assertions” contributed by a 
student and those contributed by their teammates in their discussions, indicating that the 
Agree/Disagree intervention “precipitated pockets of intensive discussion.” 
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Although further research is needed to establish the effects of other APT moves in 
the framework on student discourse, this emerging work is highly promising.  Of 
particular interest is that these initial findings suggest that once an APT move is 
introduced into student discourse there may be a group level effect on their usage.  Said 
another way, as students introduce collaborative moves in the flow of conversation, as 
exemplified by APT, there is emerging evidence that a tone may be set within the group 
for their more frequent use in subsequent interactions.  Following from this, it is also 
reasonable to consider whether more collaborative interactivity during group discourse 
yields unique types of meaning making and/or characteristically different knowledge 
structures in a given context, such as is found in games and simulations for learning.  
As summarized above, research has established that there are numerous factors 
that influence social interaction during collaborative activity.  Furthermore, research 
shows that APT effectively supports collaborative social interaction and promotes 
increased learning gains for individuals.   Little is known, however, about the relationship 
between APT and the learning of, or knowledge structures developed by, groups through 
discourse in situated social activity.  From a socio-cognitive perspective this is an 
important consideration and implies that the group, not the individual, may be the 
appropriate unit of analysis in the study of particular types of social interaction on the 
process, or outcomes, of collaboration (Stahl, 2006; Dillenbourg et al., 1996; 
Dillenbourg, 1999).  This position is further supported in literature that suggests, because 
a group’s discourse is a representation of knowledge in and of itself (i.e., group 
cognition), it is the “property” of the group and its collective achievement and meaning 
making, and not merely the sum of each individual’s knowledge and contributions to the 
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group’s discourse (Clark, 2001; Scardamalia and Bereiter, 2010).  By extension, Stahl 
(2008) further suggests that, if knowledge building is situated in groups, “we can observe 
the construction and evolution of the knowledge in the artifacts that are produced, in the 
sentences spoken, sketches drawn, and texts inscribed” (p. 70). 
Finally, another question that has yet to be considered is whether the experience 
of APT in discourse affects an individual’s attitudes and perception in relation to the 
domain of study around which they are engaged in discourse.  One way to fill the 
aforementioned gaps in the literature is to apply the APT framework for analysis in an 
environment that reflects a socio-cognitive theory of collaborative activity, such as those 
found in games and simulations. 
2.4 Games and simulations for learning 
The educative value of simulations has been proven over 40 years of research, but 
their widespread use and application in educational settings is limited because of issues 
related to adoption, design and development, sustainability, cost, and innovation (Schank, 
2001; Klopfer et al., 2009).   There remain vast and sophisticated applications that other 
disciplines use to improve learning and understanding scarcely imaginable even 10 years 
ago. 
However, as Zapata-Rivera and Bauer (2012) point out, 
…[n]ew technologies, including video games, can play an instrumental 
role in transforming current educational and assessment practices by 
facilitating the creation of environments where students can acquire and 
demonstrate 21st century skills because they support communication, 
collaborative problem solving and measure conceptual understandings, 
cognitive processes and skills progressions as students play them” (p. 
152). 
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Scardamalia et al. (2012) provide a thorough summary of the many ways in which 
current technologies can be leveraged to design “richer, deeper, wider ranging learning 
activities and assessments” (p. 224).  For example, they can provide for, or support, 
authentic and dynamic environments, access to collections of information sources, forms 
of collaboration, multiple representations of phenomena, and the broad simulation of 
tools (ibid; USDoEd, 2010)  
In particular, the last decade has seen a rise in the development, use, and testing of 
virtual and simulation-based game environments in educational contexts, sometimes 
referred to as “serious games,” which can be broadly defined as games with a purpose 
beyond play that are designed to explicitly educate or train (Shute, Ventura, Bauer and 
Zapata-Rivera, 2009; Sawyer and Smith, 2008).  Such games have received extensive 
treatment in the literature regarding the ways in which they provide powerful learning 
environments that can potentially transform educational practices because they can both 
teach and assess, 
…competencies that we believe are important and that are aspects of 
thinking highlighted in cognitive research [because they] make visible 
sequences of actions taken by learners in simulated environments; model 
complex reasoning tasks; and do it all within the contexts of relevant 
societal issues and problems that people care about in everyday life 
(Vendlinski and Stevens, 2002, as cited in USDoEd, 2010, p. 27). 
 
To illustrate, one popular type of serious game is a MUVE (Multi-User Virtual 
Environment).  In MUVEs multiple-player participants: 
1) simultaneously access a virtual context (representative of the real-world, or at 
times a fantastical world) as avatars6; 
2) interact with and use digital representations of real-world artifacts and tools; 
                                                
6 graphical or text-based representations of participants 
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3) interact and communicate with other participants and “agents7”; and 
4) engage in collaborative activities with other player-participants to solve problems 
similar to, or representative of, those found in real-world contexts (Ketelhut et al., 
2008; Dieterle, 2009). 
MUVEs such as Quest Atlantis (atlantis.crlt.indiana.edu) and River City 
(muve.gse.harvard.edu/rivercityproject/) facilitate inquiry and the development of higher 
order thinking skills by requiring students to access and apply disciplinary content and 
conceptual tools to solve complex, socially significant problems such as those 
encountered by doctors, scientists or mathematicians in an immersive environment 
(Barab et al., 2011; Ketelhut et al., 2008; Dieterle, 2009; Shute et al., 2009).   MUVEs 
have been designed to engage students in a range of learning activities, including those 
related to scientific and mathematical concepts and understanding, historical-political 
situations, computer programming and collaboration, social and moral development, and 
socially responsive behavior, as well as adult learning in the fields of graduate distance 
education and in pre- and in-service teacher training and preparation (Dieterle, 2009). 
In these game environments, students “experience immersion within a virtual 
world because of features such as interactive stories that provide context and clear goal 
structures for problem solving” (Shute et al., 2009).  Schank (n.d.) refers to this as a 
“story-centered curriculum” where students feel connection because it relates to authentic 
aspects of the world they live in.  They are immersed as active agents who play multiple 
authentic and valuable roles in furthering a narrative as they learn how to do something 
through encountering complex situations that demand the learning and application of 
                                                
7 computer simulated personalities 
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inter-disciplinary knowledge and understanding.   As described by Baker et al. (2008), 
immersive environments are attractive because: 
…they can provide the technical means to (a) create a range of task 
scenarios for students, from well-defined problems with one correct 
answer to open-ended problems with multiple solutions, all within the 
same setting; (b) require students to reason while demonstrating their 
understanding of the content; and (c) respond dynamically to students’ 
interactions with the simulation (Baker and O’Neil, 2002) (p. 7). 
 
Shaffer and Gee (2012) argue that such immersive experiences are good for learning 
because the games that provide them are built around problem solving and inherently 
require and assess key deeper learning competencies. By design, they integrate learning 
and assessment,  “introduce complex concepts when they are needed,” and keep players 
engaged and motivated, because they are presented with “a sequence of challenges that 
gradually increase in difficulty, so players are constantly working at the cutting (and most 
exciting) edge of their abilities” (ibid, p. 212).  Unfortunately, prominent and well-
intentioned educational practice perpetuates a disconnect between the kinds of knowledge 
students learn in school and the kinds of situations in life and work wherein this 
knowledge may be useful (Mislevy, 2010) - students are too often asked to “use the tools 
of a discipline” without an understanding of how practitioners use them (Brown et al., 
1989). 
Broadly speaking, research suggests the affordances that serious games provide 
can support a better understanding of the relationships between communication activity, 
collaborative problem solving, and how groups co-construct knowledge and 
understanding.  First, they provide rich environments for observing the knowledge and 
cognitive processes used in solving complex problems not commonly accessible in 
classroom environments (Baker et al., 2008; Baker and O’Neil, 2002; Quellmalz and 
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Pellegrino, 2009).  For instance, research from the learning sciences finds that 
educational outcomes improve when students learn through social interaction with peers 
and experts (Gee, 2008; Behrens et al., 2008; Bransford et al., 2000).  Other research 
suggests that learning is enhanced when students employ domain-specific tools to solve 
socially significant problems (Hatano and Oura, 2003) and engage in extensive feedback 
and revision cycles that support systematic reflection and self-assessment/evaluation 
(Black and Wiliam, 2004; Quellmalz et al., 2012; Perkins and Salomon, 1989; 1994; 
Anderson et al., 1996; Bransford and Schwartz, 1999).   
More specifically, the research on simulation-based games reveals how the 
development of expertise and transfer are “triggered” by the affordances of simulated 
activities.  For example, thinking skills and meta-cognitive processing are facilitated by 
the opportunity to utilize a variety of strategies that the participant possesses. 
Additionally, because simulation based games delineate degrees of understanding and 
cognitive demand required to solve the problems of interest in the simulation, they can 
simultaneously accommodate and reveal alternate/multiple solution strategies that are 
representative of different levels of expertise of the players (Vendlinksi, et al., 2008; 
Behrens et al., 2012).  
      Second, serious games collect nuanced and complex data about student activity in 
the environment that can be used in analyses of learning (Pellegrino and Quellmalz, 
2010; Ketelhut et al., 2008; Dieterle, 2009; Shaffer and Gee, 2012; Behrens et al., 
2012).   Every action taken in the “problem space” of the game provides information 
about the nature of student interaction with tools, artifacts, resources, collaborators, etc.  
These extensive digital records (also referred to as log files, data streams, or click 
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streams) provide highly detailed data that can be used to examine the cognitive and 
performative aspects about whether and how students solve problems collaboratively, and 
the ways in which they learn how to do so (Vendlinski et al, 2008; Shaffer et al., 
2009; USDoEd, 2010; Behrens et al., 2012; Dieterle, 2009; Shaffer et al., 2009; 
Pellegrino and Quellmalz, 2010). 
Finally, serious games enable researchers to examine interaction from the socio-
cognitive perspective of knowledge (i.e., cognition is not something that happens “inside” 
a person) through observing the “coordinated interplay of actions within and among 
people in a socially-constructed space” (Shaffer, 2004, p. 5).  That is, because they 
replicate complex environments or simulate real-world communities of practice (Lave & 
Wenger, 1991), games and simulations provide a situated context for applying findings 
from the learning sciences that suggest cognition is situated and distributed physically, 
socially, and symbolically in the ways people think, learn and work in the world (Barab 
et al., 2012; Gee, 2008; Brown et al., 1989; Dieterle, 2009). 
This socio-cognitive stance, also referred to as “situated learning,” is rooted in a 
perspective that the knowledge people have and the ways in which they acquire and make 
meaning of it is socially negotiated, co-constructed, and context specific to particular 
communities of practice (Vygotsky, 1978; Brown, Collins, & Duguid, 1989; Lave & 
Wenger, 1991; Schon, 1983, 1987), as is found in the world of work where people often 
work to solve specific and task-oriented problems.  This stance is a stark contrast to the 
more common conception of learning that is overly focused on the individual and his/her 
accumulation of facts and information.  However, mounting evidence in the literature 
suggests that what we think of as “knowledge” is a function of meaning making through 
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social interaction, and that learning with others serves as the foundation upon which 
individual learning is built (Stahl, 2008). 
Unfortunately, there is a persistent disconnect between the kinds of knowledge 
students learn in school and the kinds of situations in life and work wherein this 
knowledge may be useful (Mislevy, 2010; Resnick, 1987).  For instance, students are too 
often asked to “use the tools of a discipline” without an understanding of how 
practitioners use them (Brown et al., 1989).  In contrast, there are particular ways that 
professionals (e.g., scientists, historians, journalists, engineers, etc.) organize domain 
knowledge, and use tools and resources in the solving of problems.  Said another way, 
there are particular ways that professionals organize knowledge, use tools, and leverage 
resources.  These ways of thinking in, and characteristics of, a discipline are referred to as 
an epistemology, or an “epistemic frame” (Shaffer, 2004).  
2.5 Epistemic frame theory and epistemic games 
Shaffer (2004; 2005; 2006) proposes the Epistemic Frame Theory to describe the 
structure of a particular community of practice.  The epistemic frame of a community of 
practice includes five elements that comprise the "grammar" (Gee, 1993; 1999) of how a 
particular professional culture uniquely operates in the world: 
1) Skills (i.e., domain-specific abilities/competencies); 
2) Knowledge (i.e., information, concepts); 
3) Identity (i.e., social/cultural roles); 
4) Values (i.e., opinions/beliefs); and 
5) Epistemology (i.e., how claims are justified); 
The development of a professional epistemic frame - the ability think and behave like a 
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professional - occurs through making connections among these elements that are 
emblematic of a particular community (Svarovsky, 2011; Arastoopour & Shaffer, 
2013; Chesler et al., 2013; Arastoopour et al., 2014).   Using epistemic frame theory and 
detailed study of real-world practicum, aspects of learning in a discipline are codified to 
design the structures and activities of an epistemic game:  an authentic learning 
environment that is a computer simulation of a professional workplace that allows young 
people the opportunity to develop the ability to think and work like a professional 
(Svarovsky, 2011; Shaffer et al., 2009; Shaffer and Resnick, 1999; Shaffer and Gee, 
2012).  A number of epistemic games (or “virtual internships”) have been designed over 
the last decade to simulate professional practice in the fields of journalism, urban 
planning, engineering, and graphic art (Shaffer, 2005; Nash et al., 2012). 
Recently, Boots and Strobel (2014) examined the architecture of three epistemic 
games designed and implemented by EGG/GAPS (Urban Science, Nephrotex, and 
Escher’s World) and found them to be emblematic of Leonard Annetta’s (2010) six “I’s” 
for serious educational game design.  Their analysis suggests that these games coherently 
incorporate and scaffold the elements of Identity, Immersion, Interactivity, Increasing 
complexity, and Informed teaching to yield a game that is Instructional and educative in 
nature (i.e., a game that is “serious”).  Additionally, epistemic games are designed with 
the types of “symmetrical” structures that research suggests create effective environments 
for collaboration (see Dillenbourg, 1999).  For instance, students in the simulation have 
“symmetry of knowledge” in that teams are comprised of students at roughly the same 
level of knowledge experience in the domain.  Further support for knowledge symmetry 
comes in the form of embedded resources needed to complete the task in the simulated 
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environment (i.e., all students have access to the same knowledge, information, etc.).  A 
second symmetrical structure reflected in epistemic game design is that of student 
“status” - although there are in-game mentors who provide some facilitation, the majority 
of the collaborative interaction is within the peer group and not defined by the mentor 
relationship.  Lastly, there is symmetry of goals in that there is a common group goal/task 
that students are working toward, which mediates conflicts that could arise should 
students be working to also obtain individual ones. 
Most importantly, epistemic games provide an authentic, situated experience for 
learning wherein the ways in which students develop an epistemological identity can be 
observed.  Epistemic games, therefore, are an example of an environment that “inverts” 
the traditional model of learning that suggests one must first learn about something 
before learning to be something.  Instead, an epistemic game posits that through learning 
to be, students begin to learn about (Thomas and Brown, 2009). 
Prior research using data from the epistemic games implemented by EGG/GAPS 
demonstrate the efficacy of their use in a number of ways. For instance, studies have 
established that “chat” is a viable method for mentoring (Bagley and Shaffer, 2010) and 
that teams mirror mentor discourse (Nash and Shaffer, 2010).  Additionally, Chesler et al. 
(2013) present evidence that the virtual internship Nephrotex significantly motivated and 
engaged first year engineering students, and that there were significant increases in the 
learning of engineering content.  The authors conclude that the use of chat-log data in the 
game can be used to effectively assess the process of learning and the attainment of 
educational outcomes in relation to ABET criteria.  In another study, Arastoopour et al. 
(2013) report findings that support the proposition that, because Nephrotex is a “realistic 
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simulation of the epistemology of the community,” it is an effective CSCL environment 
that can support students’ affiliation with the community of practice through engaging the 
simulation. 
Other studies have illuminated relationships between what groups talk about (i.e., 
the sematic aspects of discourse) and different types of outcomes.  For example, studies 
have found significant and positive effects related to civic engagement (Nash et al., 
2012), increases in content learning and engagement (Chesler et al., 2013), and positive 
associations with the focal community of practice (Hatfield, 2011; Bagley and Shaffer, 
2011).   Still other studies present evidence that there are relationships between the 
connections made between different epistemic frame elements in discourse and the 
development of social identity in terms of depersonalization and attraction, as well as 
changes in women’s views of careers in engineering (Arastoopour et al., 2013; 
Arastoopour et al., 2012).  For instance, in one experimental study, Arastoopour et al. 
(2012) report that the proportion of women playing Nephrotex reporting a positive 
change in their views of engineering careers was significantly greater than the control 
group, and that male and female students who made more connections between the 
epistemic elements associated with the skills, knowledge and epistemology of 
engineering design predicted a positive change in their views of engineering careers.  In a 
subsequent study (see Arastoopour et al., 2014), findings suggested that women showed a 
statistically significant increase in self-reports of their confidence and commitment to 
engineering, compared to a control group, and that male and female students who 
reported a positive change in their confidence and commitment to engineering made more 
  
32 
connections to the epistemology of engineering design and other aspects of engineering 
practice. 
However, two aspects of epistemic games data have not been empirically 
explored.  The first has to do with whether there is a relationship between how groups 
talk (i.e., the syntactic aspects of social interaction and discourse) and what they talk 
about (i.e., the types of epistemic connections they make in discourse).  The second is 
whether how groups talk effects a change in students’ attitudes and perceptions with 
regard to the professional domain they are engaged in through the simulation. 
2.6 Summary 
In this chapter, I presented a review of scholarship that informed the development 
of research questions and a research design for this study.  In particular, prior research 
has established that: (1) discourse and social interaction play a central role in how and 
what people learn in collaborative contexts; and (2) there are a variety of factors that 
influence the nature and quality of the social interaction, as well as, the process and 
outcomes of collaboration at the individual and group level (e.g., group composition, 
participation style, gender balance, interaction patterns, personal perspectives, etc.).  This 
body of scholarship suggests that accounting for these factors in the study of discourse 
and collaborative interaction is not only important, but is facilitated by using data from a 
CSCL environment, such as a serious game, because of robust datasets that allow for in-
depth analysis of variables in collaborative interaction and discourse. 
 Prior research has also established that there are relationships between types of 
conversational contributions in discourse and broadly defined learning outcomes.  
However, such relationships have not yet been empirically studied in a serious games 
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context, nor in relation to semantically based, discipline-specific outcomes.  In particular, 
because of the affordances provided by these environments (i.e., the ability to observe 
complex cognitive, social, and performative processes used in solving complex 
problems), they are rich settings for the examination of discourse data in considering 
whether particular types of conversational behaviors (i.e., “how” students talk) are 
associated with and/or influence what students talk “about.”  
Relatedly, my review found that APT is a promising and viable framework for 
studying collaborative interaction because it codifies conversational behaviors found to 
foster effective discourse, provide access to improved knowledge structures, and support 
collaborative learning.  As noted, however, little is known about the relationship between 
APT and the learning of groups through discourse in situated social activity, which is an 
important consideration from the socio-cognitive perspective of learning.  Serious games 
enable the examination of interaction from this situated-learning perspective because 
such games replicate complex environments and immerse students in simulations of real-
world communities of practice.  
Lastly, research on epistemic games in particular reports that participation in 
“virtual internships” increases motivation, engagement, and content learning for students.  
Additionally, studies present evidence that there are relationships between the nature and 
quality of student discourse and important student-level outcomes such as civic 
engagement, social identity, and increased confidence and commitment.  The extant 
research using data from epistemic games, however, has not yet considered whether there 
is a relationship between how groups talk (i.e., the syntactic aspects of social interaction 
and discourse) and: (1) what they talk about (i.e., the types of epistemic connections they 
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make in discourse), or (2) a change in students’ attitudes and perceptions with regard to 
the professional domain explored in the simulation. 
Taken together, my review suggests that using the APT framework to codify and 
study collaborative discourse in an epistemic game is a promising approach to examine 
these relationships.  In accord with findings from the literature reviewed in Chapters 1 
and 2 presented above, in the next chapter I present my three research questions, their 
related hypotheses, and the design of research used to address them. 
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Chapter 3 
Research Questions and Study Design 
 
 Chapter 1 presented the background, context, and theoretical model that situate 
this study.   Chapter 2 presented a review of the various strands of relevant literature and 
scholarship that provided the foundation for this study.  In this chapter, I first outline the 
research questions and their related hypotheses that guided the design of this study.   
Next, I present detail about the data sources, followed by the variables and coding 
procedures, used in this study.  This chapter concludes with the presentation of my data 
analytic plan. 
3.1 Research Questions 
In response to (1) the previously discussed research and findings about factors 
that influence collaborative activity and social interaction, (2) current gaps in the 
literature, and (3) the opportunity for using an exemplary simulation-based game 
environment for study, I propose three related research questions to guide this study.  
These questions, and their associated hypotheses, are presented in Table 3.1, below. 
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Table 3.1 
 
Research questions and hypotheses 
 
 
Research Question Hypotheses 
RQ1:  What, if any, academically 
productive talk moves are associated with 
the presence of unique epistemic frame 
elements in group discourse during design 
team meetings? 
  
 
1:  There are unique patterns of epistemic 
frame elements (i.e., nodes) associated with 
different academically productive talk 
moves. 
 
RQ2:  Are there differences in the 
connections among different epistemic 
frame elements that groups make in their 
discourse with respect to Academically 
Productive Talk? What, if any, group-level 
characteristics are associated with these 
differences? 
 
 
2a:  Groups with higher proportions of 
Academically Productive Talk in their 
discourse will make connections to more 
epistemic frame elements in their discourse 
(i.e., these groups will have larger 
networks, with a greater variety of 
epistemic frame elements). 
 
2b:  Groups with higher proportions of 
Academically Productive Talk in their 
discourse will make more connections 
among epistemic frame elements in their 
discourse (i.e., these groups will have 
denser networks, with a greater number of 
connections among epistemic frame 
elements). 
 
 
RQ3:  Do students have a higher 
probability of reporting a positive change 
in their attitudes and perceptions toward 
engineering when they are in a group, or 
groups, that engage in higher proportions 
of Academically Productive Talk in their 
discourse (vs. those in a group, or groups, 
that engage in lower proportions)? What, if 
any, individual- and/or group-level 
characteristics are associated with a 
positive change in attitudes and perceptions 
toward engineering? 
3a:  Students in groups with higher 
proportions of Academically Productive 
Talk in their discourse will show a positive 
change in their attitudes and perceptions 
toward engineering. 
 
3b:  Individual and group-level 
characteristics will affect whether students 
show positive changes in their attitudes and 
perceptions toward engineering (i.e., a 
student’s initial attitudes and perceptions 
toward engineering; a student’s prior 
experience). 
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3.2 Data Sources 
3.2.1 Site/Setting 
This study analyzed data collected from the epistemic game for engineering, 
Nephrotex8, designed and implemented by the Epistemic Games Group (EGG) and the 
Games and Professional Simulations Research Consortium (GAPS) at the University of 
Wisconsin-Madison (http://edgaps.org/gaps/).  Nephrotex is a virtual internship that 
simulates professional practice in engineering in order to support undergraduate students’ 
development of an engineering epistemic frame that could lead to increased motivation 
for students to persist in their commitment to study and practice engineering 
(Arastoopour et al., 2014).  In Nephrotex, students take on the role of interns at a fictional 
biomedical design firm working on a team with 3-4 other interns.  In this role, students 
are tasked with designing, testing, and building an innovative device for production that 
satisfies a number of competing interests of the company’s internal consultants 
(Arastoopour et al., 2012; Chesler, D’Angelo and Shaffer, 2012; Arastoopour and 
Shaffer, 2013). 
Students engage in a number of different types of activities during their virtual 
internship (see Appendices A and B), including:  
1) conducting individual research using simulation-embedded resources; 
2) working with their team in a virtual design space to conduct two design-cycle-test 
cycles in which they develop and test hypotheses, generate device proposals, and 
analyze results;  
3) receiving and interpreting feedback regarding their device performance; and 
                                                
8 See http://edgaps.org/gaps/projects/nephrotex/ 
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4) participating in a final, public presentation of device designs (Chesler et al., 2013; 
Arastoopour et al., 2014; Nepthrotex, 2014). 
Throughout the experience, students interact with an in-game supervisor (via email) and 
an in-game mentor/advisor (via chat and email) who provide support and guidance.   
3.2.2 Participants 
The participant sample is drawn from two implementations of the Nephrotex 
virtual internship, summarized in Table 3.2, below. 
Table 3.2 
 
Summary of student demographics in the Nephrotex sample (n=273) 
 Sample A Sample B Combined Sample 
Male 151 (77%) 59 (76%) 210 (77%) 
Female 44 (23%) 19 (24%) 63 (23%) 
Total 195 78 273 
    
Asian or Pacific 
Islander 12 (6%) 5 (6%) 17 (6%) 
Black 4 (2%) 2 (3%) 6 (2%) 
Hispanic 1 (1%) 0 (0%) 1 (0%) 
Prefer not 
respond 2 (1%) 7 (9%) 9 (3%) 
Other 3 (2%) 1 (1%) 4 (1%) 
White 164 (84%) 61 (78%) 225 (82%) 
Mixed/Multiple 9 (5%) 2 (3%) 11 (4%) 
Total 195 78 273 
 
The first (Sample A) is from the Fall 2012 term with students of undeclared majors 
(n=195) enrolled in an introduction to engineering course at a large, public university in 
the mid-west.  The second (Sample B) is from the Spring 2013 term with students in 
declared engineering majors (n=78) in an advanced course at a large, public university in 
a mid-Atlantic state.  All students in each sample were randomly assigned to groups of 4-
5 students for the first design activity cycle (Design Cycle 1) (n=55) and randomly re-
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assigned to new groups for the second design activity cycle (Design Cycle 1) 
(n=55).  Thus, the total sample includes 273 students organized into 110 unique groups.   
The sample includes 210 male (77%) and 225 white (82%) students.  While these 
demographics are skewed toward white males, they reflect enrollment trends in 
undergraduate engineering courses in the United States in 2012 with a few notable 
differences.  For example, this sample over-represents the national average of white 
students (66%) while under-representing enrollment for Asian-American (12%) and 
Hispanic (9%) students (Yoder, 2012). 
3.2.3 Data sources 
Three data sources, obtained from EGG/GAPS, were used as the basis for this 
study and are described below. 
Discourse data 
Discourse data was obtained through digital capture of chat-logs during design-
team meetings (i.e., text-based utterance data). The data used in this study was drawn 
from four 30-40 minute long meetings (n=210) where the focal activity is on 
collaboration, decision making and reflection related to the design problem.  The first two 
meetings occur during the first design activity cycle (Rooms 7 and 9, n=110).  In the first 
meeting (i.e., “Conversation 1”), students are expected to share findings from their 
independent reviews of the literature and then discuss and rank the five device 
“attributes” they feel would yield the best device design.  In the second meeting of this 
design cycle (i.e., “Conversation 2”) used in my analysis, students shared with their 
teammates the five device prototypes they each designed and then worked together to 
decide on the “top 5” devices the team came up with to submit for testing.  The second 
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two meetings used in my analysis occurred during the second design activity cycle 
(Rooms 11 and 14, n=110).  In the first meeting in Design Cycle 2 (i.e., “Conversation 
3”), students meet for the first time in their new groups to share performance results from 
their prior teams’ devices and then proposed five new devices to test.  In the last meeting 
(i.e., “Conversation 4”), students were expected to come to consensus around the team’s 
best device to be submitted for evaluation. As reference, a summary of all of the focal 
activities in each “room” in the virtual internship is presented in Appendix A.  
Epistemic discourse coding 
The coding scheme for engineering epistemic discourse, developed by 
EGG/GAPS, is comprised of twenty codes derived from ABET9 criteria (2011) and 
guided by epistemic frame theory for professional practice (see Appendix C).  For 
instance, a student utterance coded as Epistemology of Data indicates that there was 
evidence that she justified a design decision by using data (i.e., graphs, results tables, 
numerical values, research, etc.) and an utterance coded as Knowledge of Client indicates 
that there was evidence that she made reference to the health, comfort and/or safety of the 
patient.  The scheme was applied to the data using a validated auto-coding process that 
identifies key words and character strings in each utterance to create a binary code for 
evidence of all twenty codes (1=present, 0=not present)10.   Previous validation studies 
between human coders and the auto-coding system obtained Cohen’s kappa coefficients 
between 0.80 and 0.98 for all categories (Arastoopour et al., 2014).   
                                                
9 Accreditation Board for Engineering and Technology 
10 It is important to note that an utterance can be coded for multiple epistemic codes (i.e., a single utterance 
can evidence more than one epistemic element). 
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Pre- and post-survey responses 
Students responded to 34 Likert-scale survey questions (see Appendix D) 
administered before and after the Nephrotex simulation.  Questions in the survey were 
drawn from the Pittsburgh Freshman Engineering Attitudes Survey (PFEAS), a scale 
shown to be internally reliable and structurally valid as a measurement of college 
freshman attitudes toward engineering (Besterfield-Sacre and Atman, 1994; Hilpert et al., 
2009; as cited in Arastoopour et al., 2014).  Questions in the survey asked students about 
their associations with engineering careers, their perspectives and beliefs related to the 
work, characteristics and proclivities of engineers, and their commitment to pursuing a 
career in engineering.  Based on my review of the literature, I identified six survey items 
(of 31 answered by students in both the Novice and Advanced samples) for use in my 
analysis, which will be detailed in the following section. 
3.3 Variables and coding procedures 
The variables used in my study are summarized in Table 3.3 (below), followed by 
further detail about the coding procedures used for variable generation. 
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Table 3.3 
 
Summary and description of variables used in this study 
 
Variable (type) Description 
Attributes of Discourse 
Discode_ia Code representing each of the 28 unique conversational moves 
EFrame_xa Code representing each of the 20 possible epistemic frame 
elements (i.e., outcomes) 
 
x_TALKc 
(Continuous) 
Proportion of a group's discourse that is comprised of x moves 
(where x = APT-Conversational, APT-Facilitative, 
Declarative, Proposal, Eliciting, Administrative) 
 
x _RANKb 
(Categorical) 
0 if a group’s x_TALK is “low”, 1 if  “moderately low”, 2 if 
“moderately high”, 3 if “high”  
Individual-level Variables 
APT_EXPERIENCExc 
(Continuous) 
Each student’s group’s APT_TALK in the first design cycle 
(x=1) and second design cycle (x=2) 
 
CONTRIBUTEc 
(Continuous) 
Proportion of discourse in each room contributed by each 
student 
 
MALEa, c 
(Categorical) 
1 if student is Male, 0 if Female 
 
 
NOVICEa, c 
(Categorical) 
1 if student or group is in Sample A, 0 if Sample B 
 
Group-level Variables 
EQUALITYb, c 
(Categorical) 
0 if group discourse is “low” (i.e., un-balanced), 1 if  
“moderately low”, 2 if “moderately high”, 3 if “high”  (i.e., 
balanced) 
 
GENDER_BALANCEb 
(Categorical) 
0 if a group’s gender composition is all male, 1 if composition 
includes one female student, 2 if includes two female students, 
3 if includes three female students 
 
GRP_MALEc 
(Continuous) 
Proportion of group that is Male 
 
GRP_NOVICEb, c 
(Categorical) 
1 if group is in Sample A (i.e. Novice), 0 if Sample B (i.e., 
Advanced) 
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Variable (type) Description 
Survey-related variables 
PRE_SELFEFFc 
(Continuous) 
Score reflecting a student’s initial sense of self-efficacy toward 
engineering  
 
POST_ SELFEFFc 
(Continuous) 
Score reflecting a student’s final sense of self-efficacy e toward 
engineering after the internship 
 
CHNG_ SELFEFFc 
(Categorical) 
1 if student shows a positive gain sense of self-efficacy toward 
engineering, 0 if student does not 
 
GRP_ SELFEFFb, c 
(Continuous) 
Average score of group members’ initial sense of self-efficacy 
toward engineering  
 
PRE_COMMITc 
(Continuous) 
Score reflecting a student’s initial commitment to pursuing a 
career in engineering  
 
POST_COMMITc 
(Continuous) 
Score reflecting a student’s final commitment to pursuing a 
career in engineering after the internship 
 
CHNG_COMMITc 
(Categorical) 
1 if student shows a positive gain in commitment to pursuing a 
career in engineering, 0 if student does not 
 
GRP_COMMITb, c 
(Continuous) 
Average score of group members’ initial commitment to 
pursuing a career in engineering  
 
PRE_CONFIDc 
(Continuous) 
Score reflecting a student’s initial sense of confidence as an 
engineer  
 
POST_CONFIDc 
(Continuous) 
Score reflecting a student’s final sense of confidence as an 
engineer after the internship 
 
CHNG_CONFIDc 
(Categorical) 
1 if student shows a positive gain in sense of confidence as an 
engineer, 0 if student does not 
 
GRP_CONFIDb, c 
(Continuous) 
Average score of group members’ initial sense of confidence as 
an engineer 
a variable used in RQ1; b variable used in RQ2; c variable used in RQ3 
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3.3.1 Attributes of discourse 
I developed a conversational-move coding scheme (see Appendix E) to code the 
syntactic contributions evident in chat-logs of group discourse during the four 
aforementioned situated activities in Nephrotex.  The coding scheme consists of seven 
functional move categories:  APT-Facilitative (APT-F), APT- Conversational (APT-C), 
Declarations (DECLARE), Proposals (PROPOSE), Eliciting (ELICIT), Administrative 
(ADMIN), and Other.  The first category encompasses the eight conversational moves 
outlined in the APT framework (Michaels et al., 2008; Adamson et al., 2012).  Because 
the APT schema is designed as a facilitative framework for intervention purposes it was 
expanded for use in this analysis.   Specifically, the second category (APT-
Conversational) was developed to distinguish between utterances that were facilitative in 
nature and those that appeared endogenously in student discourse in Nephrotex.  This 
category is comprised of a variation of six of the eight facilitative moves designed to 
account for the unprompted or natural occurrence of APT moves. 
While the primary concern of this study has to do with the effects of APT, early 
exploratory data analysis suggested that merely coding utterances as APT or non-APT 
could disregard other naturally occurring, and potentially salient, characteristics of 
discourse found in Nephrotex.  To account for this, the other five functional categories 
were included in the coding scheme to identity other types of conversational moves.  The 
bases of these categories were drawn from extant schema, and reflect other aspects of 
discourse (common in CSCL environments and/or simulation-specific) such as utterances 
that are about administrative or procedural business (i.e., talk about what students should 
be doing or have done), presentations of information/research to the group, questions 
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posed to teammates relevant to the group’s task, proposals about solutions or processes, 
and “behaviors” commonly found in online, synchronous conversations (e.g., repairs, 
presence/departure comments), as well as off-task comments and small talk. 
This coding scheme was applied to the utterance data for each player, in each 
group, in each conversation (i.e., room), where an utterance is defined as every word 
included in a single message sent in the chat program11. Although each utterance is an 
independent data point, utterances were coded in the context of the conversation to ensure 
meaningful interpretation.  I recruited and trained an external rater to co-code 
conversational moves in the data and to test the reliability of the application of the coding 
scheme to the chat-log data.  Using a small sample of the data12, I trained the rater on the 
use of the scheme in each conversation to clarify the characteristics of each code, address 
discrepancies in interpretation, and discuss disagreements.  Based on this, the rater and I 
calibrated and refined our application of the coding scheme, modified code definitions, 
and when necessary, revisited prior coding to account for new understandings or 
modifications of the code criteria applied later in the process.   
To test for inter-rater reliability the co-rater independently coded a 50% sample of 
the data not used for calibration/training (n=7844 utterances, from 96 
conversations).  Using the results of the rater’s and my own coding of the data, I 
calculated and interpreted two inter-rater reliability indices.  The first was the percent 
agreement and the second was Cohen’s kappa, which accounts for agreement by chance, 
to evaluate the reliability of applying the coding scheme to identify a unique 
                                                
11 The coding scheme also included a code for “combine with above” used to identify contiguous utterances 
by individual students, though entered as separate contributions, which were later collapsed into one 
contribution.  This coding was included in the inter-rater reliability testing. 
12 ~12% were drawn from each of the four conversation used in this study (5 novice and 2 advanced). 
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conversational move for each utterance.  I conducted these test at two levels of the data.  
The first considered the reliability of coding each conversational move in the coding 
scheme.  The second considered the reliability of coding the conversational move at the 
category level (i.e., APT, Declare, etc.).   Summaries of these inter-rater reliability tests 
are presented in Table 3.4, below. 
Table 3.4 
 
Summary of inter-rater reliability statistics (n=7844) 
 
Level of 
Test Agreement 
Expected 
Agreement Kappa Std. Err. Z Prob>Z 
Move 85.91% 5.02% 0.85 0.0026 333.96 0 
Category  89.56% 15.88% 0.88 0.0047 184.81 0 
 
The percent agreements between the co-rater and myself at the conversational 
move and conversational move category levels were 85.91% and 89.56%, respectively.   
The associated Cohen’s kappa statistics (k) were 0.85 and 0.88, respectively, and indicate 
a “near perfect” level of agreement (>0.81, see Landis & Koch, 1977)13 at both levels of 
reliability testing.  A summary of frequency counts for each rater, for each category, is 
provided in Table F1 (see Appendix F). 
Given that the primary focus of this study is related to APT, additional inter-rater 
reliability tests were conducted to test the reliability of coding each conversational move 
vs. not (i.e., 1=move, 0=not the move).  As summarized in Table F2 (see Appendix F), 
kappa statistics for each APT move ranged from 0.62 to 1.00, indicating a “substantial” 
to “near perfect” level of agreement for all APT moves.  After establishing reliability for 
the application of the coding scheme to the data, I proceeded to code the remaining chat-
                                                
13 An additional interpretation of kappa statistics can be taken from Fleiss (1981) who suggests that all 
kappas above 0.75 are “excellent.” 
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log data. 
Using this coded data, I then calculated continuous variables representing the 
proportional use of each group’s discourse at the design cycle and conversation levels 
attributable to each conversational move category (see Appendix G for summary 
statistics)14.   Next, to characterize groups’ use of each type of talk in subsequent 
analysis, I generated categorical variables to rank each group's discourse.  Groups were 
divided into four equally sized groupings (quartiles)15, based on their proportional use of 
each type of talk (see Table 3.5, below for descriptive statistics).   Groups that used a 
proportion of talk in the upper quartile were categorized as “high” (3); those that used a 
proportion in the lower quartile were categorized as “low” (0); groups that were within 
the interquartile range above or equal to the median were categorized as “moderately 
high” (2); and groups within the interquartile range below the median were categorized as 
“moderately low” (1).  
  
                                                
14 Because the focus of this study is on the relationship between the substantive aspects of collaborative 
discourse and the development of an engineering epistemic frame, utterances coded as conversational 
moves in the “Other” category (Enter, Express, Repair, State) were dropped from the dataset prior to 
variable generation (18% of utterances).   Corollary analysis indicated that there was a near perfect 
correlation (r=0.99, n=110) between the distribution of each type of talk for groups with and without this 
category, and their exclusion altered the final distribution of each conversational move in the dataset by, on 
average, 3.6% (range: 1% - 4%). 
15 Use of quartiles for ranking was justified in two ways.  First, I note that the mean and median values are 
similar, suggesting that the data is, overall, evenly distributed around the means.  Secondly, because 
quartiles are less affected by outliers in the data, they are an effective approach to characterize the overall 
distribution of the data in my sample for the purposes of this analysis. 
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Table 3.5 
 
Descriptive statistics of proportional use of conversational move categories (types of 
talk) at each level of analysis (i.e., segment) 
       -------------------------- Quantiles ------------------------- 
Variable/Segment Mean S.D. Min q25 Median q75 Max 
Academically Productive Talk (APT) 
APT Combined 
Conversation 1 0.47 0.12 0 0.39 0.48 0.55 0.68 
Conversation 2 0.44 0.1 0.22 0.38 0.44 0.52 0.63 
Conversation 3 0.22 0.11 0 0.15 0.22 0.29 0.48 
Conversation 4 0.46 0.14 0.11 0.37 0.47 0.55 0.75 
Design Cycle 1 0.46 0.08 0.3 0.4 0.46 0.52 0.58 
Design Cycle 2 0.31 0.08 0.09 0.24 0.31 0.37 0.49 
Entire Sample 0.38 0.11 0.09 0.31 0.38 0.46 0.58 
APT-Conversational (APT-C) 
Conversation 1 0.39 0.11 0 0.33 0.38 0.47 0.6 
Conversation 2 0.39 0.1 0.19 0.32 0.38 0.45 0.59 
Conversation 3 0.2 0.1 0 0.14 0.19 0.26 0.44 
Conversation 4 0.39 0.12 0.11 0.3 0.39 0.46 0.69 
Design Cycle 1 0.39 0.07 0.24 0.35 0.39 0.44 0.55 
Design Cycle 2 0.26 0.07 0.09 0.21 0.26 0.32 0.44 
Entire Sample 0.33 0.1 0.09 0.26 0.33 0.39 0.55 
APT-Facilitative (APT-F) 
Conversation 1 0.08 0.04 0 0.05 0.09 0.11 0.19 
Conversation 2 0.05 0.03 0 0.03 0.05 0.08 0.12 
Conversation 3 0.02 0.02 0 0 0.02 0.04 0.08 
Conversation 4 0.07 0.05 0 0.04 0.06 0.11 0.2 
Design Cycle 1 0.07 0.03 0.01 0.05 0.06 0.09 0.12 
Design Cycle 2 0.04 0.02 0 0.03 0.04 0.06 0.1 
Entire Sample 0.05 0.03 0 0.03 0.05 0.07 0.12 
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       -------------------------- Quantiles ------------------------- 
Variable/Segment Mean S.D. Min q25 Median q75 Max 
Other Types of Talk 
Administrative        
Conversation 1 0.1 0.06 0 0.06 0.09 0.14 0.29 
Conversation 2 0.11 0.08 0.02 0.06 0.09 0.13 0.33 
Conversation 3 0.1 0.08 0 0.05 0.07 0.14 0.31 
Conversation 4 0.12 0.12 0 0.04 0.08 0.19 0.67 
Design Cycle 1 0.11 0.05 0.02 0.07 0.1 0.13 0.28 
Design Cycle 2 0.11 0.07 0.01 0.05 0.09 0.14 0.36 
Entire Sample 0.11 0.06 0.01 0.06 0.1 0.13 0.36 
Declaration        
Conversation 1 0.22 0.08 0.09 0.15 0.21 0.27 0.5 
Conversation 2 0.17 0.06 0.04 0.13 0.17 0.2 0.35 
Conversation 3 0.36 0.12 0.1 0.3 0.35 0.42 0.7 
Conversation 4 0.24 0.1 0 0.18 0.24 0.31 0.5 
Design Cycle 1 0.19 0.05 0.07 0.15 0.19 0.23 0.32 
Design Cycle 2 0.32 0.07 0.18 0.29 0.31 0.37 0.51 
Entire Sample 0.25 0.09 0.07 0.18 0.24 0.31 0.51 
Eliciting        
Conversation 1 0.1 0.04 0 0.08 0.1 0.12 0.19 
Conversation 2 0.13 0.04 0.05 0.1 0.13 0.16 0.23 
Conversation 3 0.14 0.06 0 0.11 0.14 0.17 0.31 
Conversation 4 0.12 0.06 0 0.08 0.11 0.16 0.27 
Design Cycle 1 0.12 0.03 0.05 0.1 0.12 0.13 0.18 
Design Cycle 2 0.13 0.04 0.06 0.1 0.13 0.16 0.29 
Entire Sample 0.12 0.04 0.05 0.1 0.12 0.14 0.29 
Proposal        
Conversation 1 0.11 0.08 0.04 0.07 0.1 0.14 0.5 
Conversation 2 0.15 0.05 0.08 0.12 0.15 0.18 0.31 
Conversation 3 0.18 0.13 0.02 0.12 0.14 0.2 0.8 
Conversation 4 0.06 0.05 0 0.03 0.05 0.1 0.16 
Design Cycle 1 0.13 0.04 0.06 0.1 0.12 0.16 0.24 
Design Cycle 2 0.13 0.06 0.04 0.1 0.12 0.15 0.44 
Entire Sample 0.13 0.05 0.04 0.1 0.12 0.15 0.44 
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3.3.2 Contribution equality  
There is no consensus in the literature on best practices to calculate a measure of 
contribution equality in discourse (i.e., the degree to which discourse is balanced among 
group members).  In this study, group contribution equality (EQUALITY) was established 
using an approach outlined by Weinberger and Fischer (2006) for use in CSCLs to 
measure “heterogeneity” of participation in discourse.  To generate this measure, I first 
aggregated (i.e., summed) the standard deviation of continuous variables representing the 
proportion of each group member’s contributions in each conversation and in each design 
cycle.  Using this approach, higher aggregate values indicate more “distance” in the 
quantity of contributions within the group, and can therefore be used to characterize 
groups with greater or lesser degrees of contribution equality. 
Next, in order to characterize groups’ degree of contribution equality, I generated 
categorical variables using the same quartile-based approach described above (see section 
3.3.1) (see Table 3.6, below for descriptive statistics).   To keep the interpretation of this 
variable consistent with its conceptual frame (i.e., a high rank represents high 
contribution equality), quartile associations were reversed because higher aggregate 
values indicate less equality.  Groups with aggregate values in the lower quartile were 
categorized as having “high equality” (3); those with values in the upper quartile were 
categorized as “low” (0); groups that were within the interquartile range below or equal 
to the median were categorized as “moderately high” (2); and groups within the 
interquartile range above the median were categorized as “moderately low” (1).  
Therefore, in this study a group with “low” contribution equality characterizes a 
group that engages in more heterogeneous/un-balanced discourse (i.e., there are 1-2 
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members who dominate the conversation).  Conversely, a group with “high” contribution 
equality is one that engages in more homogeneous/balanced discourse (i.e., there are no 
overly dominant participant voices)16. 
Table 3.6 
 
Summary of descriptive statistics of contribution equality at each level of analysis (i.e., 
segment) 
       ----------------------------- Quantiles ------------------------------- 
Segment Mean S.D. Min q25 Median q75 Max 
Conversation 1 0.10 0.05 0.02 0.07 0.09 0.12 0.26 
Conversation 2 0.11 0.04 0.01 0.08 0.10 0.13 0.20 
Conversation 3 0.10 0.05 0.00 0.08 0.10 0.12 0.31 
Conversation 4 0.11 0.04 0.03 0.08 0.11 0.14 0.20 
Design Cycle 1 0.10 0.04 0.03 0.07 0.09 0.13 0.17 
Design Cycle 2 0.10 0.04 0.03 0.08 0.1 0.12 0.21 
Entire Sample 0.10 0.04 0.03 0.08 0.1 0.12 0.21 
 
3.3.3 Survey Variables  
Survey Items 
As previously indicated (see section 3.2.3, above), 6 survey items about student’s 
attitudes and perceptions toward engineering were used in my analysis.  Five of the 
twenty-one questions about how students rated17 their feelings about statements related to 
the work, personal characteristics and proclivities of engineers were retained: 
                                                
16 It is important to note that the degree to which a group’s discourse was more or less equally distributed 
was a function of a group’s unique composition and dynamic, and not the result of an intentional design 
feature of the simulation interface or expectations. Said another way, this variable is not a measure of how 
effective groups were at fulfilling assigned “roles” in their groups regarding how they should communicate, 
as can be found in other types of simulations in the CSCL paradigm.  Instead, this variable reflects the 
equality of contribution in group discourse among groups wherein any roles students did play were allowed 
to be fluid and emergent in the context of the collaborative context (Stahl, 2008). 
17 Likert scale ranging from “strongly disagree” (1) to “strongly agree” (5). 
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! A degree in engineering will allow me to get a job where I can use my talents and 
creativity. 
! Creative thinking is one of my strengths. 
! I am good at designing things. 
! I feel confident in my ability to succeed in engineering. 
! Someone like me can succeed in an engineering career. 
These five items were selected because they related to students’ beliefs about what they 
can do and/or what they are good at, and therefore speak to students’ sense of confidence 
as an engineer.  The remaining questions in this bank of items were excluded because 
they focused more on what students like or enjoy doing, or on the perceived work/activity 
of engineers (e.g., “Engineers are innovative;” “I enjoy problems that can be solved in 
different ways”). The sixth item retained for analysis asked students to rate18 how 
committed they were to a career in engineering. 
Eleven more survey items were excluded from analysis because there was no 
means to determine the degree of self-concordance in student responses (i.e., whether 
responses on these items reflect students’ personal, inherent beliefs about the reasons to 
pursue an engineering career, or if they are a function of what students perceive they 
must do based on external pressures or experience (e.g., family pressures, etc.)) 
(Koestner, et al., 2002).  This subset of items asked students to indicate to what extent 
they thought a career in engineering was associated with a series of prospects (e.g., high 
salary, prestige, working on teams, etc.) on a scale ranging from “not at all” (1) to “a 
                                                
18 Likert scale ranging from  “no commitment” (1) to “fully committed” (8). 
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great deal” (8).   These six survey items were then used to generate variables at the 
individual and group levels for use in analysis, and are detailed below. 
Individual Level Variables 
 Summary statistics of student pre- and post-survey responses on each of the 
survey items presented above are presented in Table 3.7, below. 
Table 3.7 
 
Summary stats player survey responses on individual items used in variable generation 
 
 Mean S.D. Min Max 
Item Pre- Post- Pre- Post- Pre- Post- Pre- Post- 
A degree in 
engineering will allow 
me to get a job where I 
can use my talents and 
creativity. 
4.46 4.37 0.59 0.62 3 3 5 5 
I feel confident in my 
ability to succeed in 
engineering. 
4.10 4.13 0.71 0.74 1 1 5 5 
Someone like me can 
succeed in an 
engineering career. 
4.36 4.24 0.59 0.75 3 1 5 5 
Creative thinking is 
one of my strengths. 
3.75 3.85 0.77 0.80 2 1 5 5 
I am good at designing 
things. 
3.66 3.85 0.75 0.74 2 1 5 5 
How committed are 
you to a career within 
engineering? 
6.36 6.45 1.49 1.71 1 1 8 8 
!
First, I generated two continuous variables for use in analysis.  The first 
(PRE_CONFID) is a continuous composite variable representing a student’s sense of 
confidence in their skills and abilities related to the work of engineers prior to the 
Nephrotex internship.  This composite was obtained by taking the average of students’ 
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responses on the first 5 items detailed in Table 3.7 (above).  The second variable 
(PRE_COMMIT) is a continuous variable representing students’ response to the survey 
item that indicated their level of commitment to pursuing a career in engineering prior 
engaging in the simulation. 
Next, I conducted Principal Components Analysis (PCA) to determine if creating 
a composite variable to summarize each student’s confidence and commitment toward 
engineering before and after the Nephrotex simulation was warranted.  Analysis of PCA 
results, displayed in Table 3.8 and Figure 3.1 below, indicated that there was one 
principal component with an Eigenvalue >1, accounting for 46% of variance in the data.  
Table 3.8 
 
PCA summary table (n=272; Rho=1) 
 
Component Eigenvalue Difference Proportion Cumulative 
1 2.78536 1.76344 0.4642 0.4642 
2 1.02191 0.294375 0.1703 0.6345 
3 0.727539 0.0976563 0.1213 0.7558 
4 0.629883 0.167583 0.105 0.8608 
5 0.462299 0.0892939 0.077 0.9378 
6 0.373005 . 0.0622 1 
 
 
 
Figure 3.1. Scree plot of eigenvalues after PCA. 
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The average inter-item correlation (0.35) and Cronbach’s alpha (0.77) suggest that there 
is an acceptable level of internal reliability on this scale, and its first component was 
retained for use in subsequent analysis.  Using the resultant component loadings for PC1, 
I generated an individual level variable, PRE_SELFEFF, for each player (see Table 3.9, 
below).  A high score on this measure reflects a student’s self-efficacy (i.e., their 
commitment and confidence) related to a career in engineering. 
Table 3.9 
 
Summary of component loadings for survey items used in PCA 
 
Item Text PC1 PC2 
A degree in engineering will allow me to get a job where I 
can use my talents and creativity. 
0.3826 -0.3556 
Creative thinking is one of my strengths 0.3776 0.5906 
I am good at designing things. 0.384 0.5521 
I feel confident in my ability to succeed in engineering. 0.4664 -0.1057 
Someone like me can succeed in an engineering career. 0.4584 -0.2207 
How committed are you to a career within engineering? 0.3696 -0.4 
 
Finally, Table 3.10, below, summarizes the three individual level variables. 
 
Table 3.10 
 
Summary of descriptive statistics for player-level survey variables in this study 
 
 Mean S.D. Min Max 
Variable Pre- Post- Pre- Post- Pre- Post- Pre- Post- 
Self-Efficacy 
(PC1) 
0.02 -0.02 1.67 1.90 -6.36 -8.35 3.14 3.14 
Confidence 4.08 4.07 0.49 0.53 2.4 1.8 5 5 
Commitment 6.40 6.44 1.47 1.71 1 1 8 8 
 
Group level variables 
For each group in Design Cycle 1 and Design Cycle 2 I calculated the average of 
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each group member’s pre-survey response values for each variable (PRE_SELFEFF, 
PRE_COMMIT, and PRE_CONFID) to generate group-level variables to represent each 
group’s collective sense of confidence as engineers (GRP_CONFID), level of 
commitment to pursuing a career in engineering (GRP_COMMIT), and overall self-
efficacy (GRP_SELFEFF) prior to playing Nephrotex.  
As was done with the other variables described above, I then generated 
categorical variables to rank each group's average survey measure values.  For each 
variable (GRP_SELFEFF, GRP_COMMIT, GRP_CONFID), groups were divided into 
four equally sized groupings (quartiles) (see Table 3.11, below, for descriptive statistics).   
For each of the three survey variables, groups that had scores in the upper quartile were 
categorized as “high” (3); those that had scores in the lower quartile were categorized as 
“low” (0); groups with scores within the interquartile range above or equal to the median 
were categorized as “moderately high” (2); and groups with scores within the 
interquartile range below the median were categorized as “moderately low” (1).  
Table 3.11 
 
Summary of descriptive statistics for group-level survey variables in this study 
 
       ------------------ Quantiles -------------------- 
Variable/Segment Mean S.D. Min q25 Median q75 Max 
Self-Efficacy (PC1)        
Design Cycle 1 -0.01 0.85 -2.85 -0.64 0.13 0.56 1.82 
Design Cycle 2 0.04 0.79 -2.1 -0.46 0.05 0.65 1.37 
Confidence        
Design Cycle 1 4.07 0.24 3.32 3.92 4.1 4.2 4.6 
Design Cycle 2 4.08 0.23 3.45 3.95 4.08 4.25 4.5 
Commitment        
Design Cycle 1 6.36 0.76 4.4 5.8 6.4 7 8 
Design Cycle 2 6.37 0.7 5 6 6.25 7 8 
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Missing Data 
A review of the pre-survey data showed a 99.6% (273/274) response rate on the 
Self-Efficacy and Commitment items identified for use in analysis19. A review of the 
post-survey data indicated that there was a response rate of 87% (239/274) on the 
Confidence items and 89% (244/274) on the Commitment item.  Given that more than 
10% of post-survey data were missing, I conducted statistical tests to determine whether 
any patterns related to student characteristics (e.g., gender, level of experience) or pre-
survey response scores were likely to account for the missing data.   
First, I conducted t-tests to determine if there were differences in pre-survey 
scores for students who did and did not complete post-survey items for the Self-Efficacy 
and Commitment items. Results indicated that there were no significant differences 
among students who did and did not complete post-survey items on the Confidence items 
(t(271) = 0.186, p =0.85), nor on the Commitment item (t(271) = 0.320, p =0.75).   
I then calculated Chi-square statistics to determine whether there were systematic 
differences among students who did not complete the post-survey question items related 
to the Confidence and Commitment measures, based on gender (i.e., MALE) and on level 
of experience (i.e., NOVICE).  Regarding gender, the test for the Confidence items was 
found to be statistically insignificant (X2 = 0.81, N = 274, p =0.37), as was the test for the 
Commitment item (X2 = 1.05, N = 274, p =0.31).  These results suggest that there were 
no systematic differences in how male and female students did not respond to these post-
survey items.   
However, regarding level of experience, the test for the Confidence items was 
                                                
19 One student was enrolled in the internship experience, but did not participate, and was therefore dropped 
from the data set prior to analysis. 
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significant (X2 = 7.58, N = 274, p=0.006), as was the test for the Commitment item (X2 = 
7.66, N = 274, p=0.006).  These results suggest that among students who did not respond 
to these post-survey items, a disproportionate number of novice students did not.  I then 
examined the survey data to see if there were any identifiable, systematic differences in 
Novice groups that included students who did not respond to post-survey items that could 
introduce bias in my findings (i.e., students unhappy with their experience in a group, 
etc.).  I found that students with missing data appeared in 19 (48%) of second half Novice 
groups, with a range of 1-3 players with missing survey data (see Table 3.12, below).  
Table 3.12 
 
n (%) of second-half groups that had n players who did not complete all post-survey 
questions 
 1 player 2 players 3 players Total 
Novice (n=40) 12 (33%) 4 (10%) 3 (8%) 19 (48%) 
Advanced (n=15) 3 (20%) -- -- 3 (20%) 
Total 15 (27%) 4 (7%) 3 (5%) 22 (40%) 
   
Closer examination of how these groups were distributed in the Novice sample 
showed that, on average, 50% (2.5) of Novice groups in each “cluster” had students with 
missing data.  Table 3.13 (below) summarizes the number of half-two groups (the groups 
they take the post-survey in) in each “cluster” of groups20 that have missing data. 
  
                                                
20 Players are organized into “clusters” based on when they engage in the game (i.e. which section of which 
course they are enrolled in).  In the Novice sample, there are 10 organizing clusters (a, b, c,…h) and within 
each of these clusters there are five groups comprised of 4-5 students (i.e., a1, a2,…a5; b1, b2,…b5; etc.). 
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Table 3.13 
 
Summary of second half novice groups with missing post-survey data (by cluster) 
Group Cluster n (of 5) 
A 3 
B 4 
C 1 
D 4 
E 1 
F 2 
G 2 
H 3 
 
This pattern suggests that it was not likely that incomplete post-survey responses were a 
function of individual students’ experience in the internship (i.e., a negative one), which 
could introduce bias in my results if these responses were not accounted for.  Instead, 
given that most clusters had more than one group, and as many as four, of five that 
included students with missing post-survey data, I concluded that the systematic 
differences between Novice and Advanced groups may have had to do with the 
implementation structure of the simulation and/or groups running out of time as student 
worked to complete their tasks. 
Taken together, my analysis of the missing survey data suggests that removing 
students with missing cases would not bias my analysis and did not warrant the use of 
single (i.e., mean substitution) or multiple imputation methods.  I therefore concluded 
that students with missing values on these items could be dropped in the analysis for 
RQ3. 
3.3.4 Gender-balance 
On average, groups were 77% (SD=0.19) Male in the sample (n=110), and 
similarly, 77% in Design Cycle 1 (n=55, SD=0.20) and 78% in Design Cycle 2 (n=55, 
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SD=0.17).  Due to variations in group size, the ratio of male to female students in any 
group varied21 and I was not able to use a quartile ranking to generate this variable, as 
described for the variables above.  Instead, this variable (GENDER_BALANCE) indicates 
the number of female students (Min=0, median=1, Max=3) in each group.  Using this 
approach, I was able to control for varying levels of gender balance in my analysis (i.e., 
all male vs. non-all male, etc.).  Table 3.14 (below) summarizes the distribution of male 
and female students in the sample, by group size and gender balance rank.  As indicated, 
thirty percent of groups (n=33) in the sample have no gender balance (i.e., all male), and 
only 7 groups (6%) in the sample have a majority female composition (no groups are all 
female). 
  
                                                
21 For instance, a group with 2 female members would be 33% female in a group of 3, 50% in a group of 4, 
and 40% in a group of 5. 
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Table 3.14 
 
Summary of distribution of female students (by group size) in the sample of groups, by 
group size 
 
Gender Balance Indicator 
 % Group 
Female  
0 
(All Male) 
1 
(1 Female) 
2 
(2 Female) 
3 
(3 Female) 
Total 
(%) 
Group Size = 3      
33%    1  1 (1%) 
Group Size = 4      
50%    4  4 (4%) 
25%   7   7 (6%) 
0% 4    4 (4%) 
Group Size =5      
60%  
   
7 7 (6%) 
40%  
 
3 22  25 (23%) 
20%  
 
30 
 
 30 (27%) 
0% 28    28 (25%) 
Group Size = 6      
17%  
 
3 
 
 3 (3%) 
0% 1    1 (1%) 
Total 33 (30%) 43 (39%) 27 (25%) 7 (6%) 110 
 
3.4 Data Analytic Plan 
3.4.1  Research Question One  
What, if any, APT moves are associated with the presence of unique epistemic 
frame elements in group discourse during design team meetings?  
To answer this research question I fit a series of logistic regression models to test 
the relationship (!-level, p<.05) of APT moves, controlling for all other types of 
conversational moves and individual player characteristics (NOVICE and MALE), on the 
probability that evidence of each epistemic outcome would be present in an utterance 
associated with each move.  Models tested these relationships at three levels of analysis 
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(i.e., “segments”) - the sample, design cycle (1 and 2), and conversation level (1, 2, 3, and 
4).  Final models were determined through likelihood-ratio tests and evaluated for 
goodness-of-fit.  A sample model22 for this analysis, for each epistemic frame outcome 
followed this format, where “EFrame_x” represents each of the 20 possible epistemic 
frame outcomes (e.g., Skill of Data), and “Discode_i” represents each of the unique 
conversational moves used in my analysis: 
 
To facilitate meaningful interpretation of results, I then computed and interpreted 
the average marginal effects (AME)23 for each conversational move retained in the final 
logistic models to determine the practical (“real”) effects of each move relative to 
evidence of each epistemic outcome (i.e., the predicted probability of the evidence 
occurring based on the discrete change in the presence of the conversational move (i.e., 
from “0” (not present) to “1” (present)).  Said another way, the AME statistic indicates 
the predicted probability of evidence of the outcome for each predictor variable in a 
regression model. 
3.4.1  Research Question Two 
Are there differences in the connections among different epistemic frame elements 
that groups make in their discourse with respect to APT? What, if any, group-level 
characteristics are associated with these differences?  
                                                
22 I also tested for interaction effects in all models (NOVICExMALE; NOVICExDiscode_i; 
MALExDiscode_i), though none were found to be significant. 
23 Another commonly used statistic to do so is the marginal effects at the means (MEM), or “conditional 
effects,” which is a statistic of the practical effect of an independent variable in a regression model when all 
other variables are equal to their means.   However, some researchers have argued that the use of AME 
provides a more realistic estimate of these effects given that the sample means used in the calculations of 
marginal effects can refer to nonexistent observations in the data in large sample sizes, as are found in this 
study (Bartus, 2005; Bockarjova & Hazans, 2000).   
log p(EFrame_ x =1p(EFrame_ x = 0
!
"
#
$
%
&= !0 +!1NOVICE +!2MALE +!3Discode_1+!4Discode_2...!iDiscode_ i+"
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I answered my second research question by conducting Epistemic Network 
Analysis (ENA) using a publically available, web-based analytical tool developed by 
EGG/GAPS (http://epistemicgames.org/ena/) to measure the development of complex 
STEM thinking by quantifying the co-occurrences of epistemic frame elements in 
discourse (Choi et al., 2010).  Arastoopour et al. (2014) provide a concise overview of 
ENA: 
Because the learning that takes place during a practicum can be 
characterized by the connections between elements of a professional 
frame, ENA measures when and how often students make such links 
during their work. ENA creates a network model (similar mathematically 
to a social network model) in which the nodes of the network represent the 
skills, knowledge, identity, values, and epistemology from a domain. The 
links between these nodes quantify how often a person (or group of 
people, depending on the model) has made connections between these 
elements at some point in time. In this way, ENA models the development 
over time of a student’s epistemic frame—and thus quantifies their ability 
to think and work like professionals (p. 215-16). 
 
Using the ENA tool and the epistemic discourse data, for each conversation (i.e., room), 
for each group, the co-occurrences of each pair of codes was calculated and used to create 
epistemic network models for analysis of differences in the associations of particular 
conversational moves or about different groups’ discourse.  In what follows, I briefly 
describe how these visual models are created24 as well as how they are interpreted. 
Network models are graphical projections of the epistemic discourse data in 
higher-dimensional space based on the singular value decomposition (SVD) of adjacency 
matrices, which reveal the structure of connections between discourse elements (Orill et 
al., 2013).   To generate these representations, the ENA tool uses a mathematical 
approach similar to PCA.  The tool first creates an adjacency matrix of all possible co-
                                                
24 For a more thorough discussion of the mathematical theories and equations underlying ENA see:  Shaffer 
et al., 2009; Rupp et al., 2009; Rupp et al., 2010; Orill et al., 2013. 
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occurrences of codes for each group, in each room.  These matrices are then converted 
(i.e., unwrapped) into adjacency vectors and summed for each group.  Then, a singular 
value decomposition (SVD) is conducted on the matrices by rotating the vectors in space 
to show the greatest variance. In this space, each group’s vector containing the code co-
occurrences is then represented as a point in high-dimensional space (i.e., ENA space), 
and can be interpreted by examining the loadings (rotation) matrix for each dimension 
(Arastoopour et al., 2014).   Finally, each network model has a unique “center of mass,” 
derived from its composite score, which is used for significance testing. 
Four visual aspects of epistemic network models can be interpreted and compared 
across models – space/region, size, line weight, and node size (Shaffer, 2014; 
Arastoopour et al., 2014; Wesley Collier, Research Assistant with Epistemic Games 
Group, personal communication, October 2, 2014). 
1) ENA “Space”:  Network models show the relative location of connections 
made in discourse (i.e., "where" connections are in “ENA space”) and 
elements that are clustered together in space are more “related" than elements 
further apart in the models.  These models are therefore one way of 
characterizing the nature of epistemic discourse in conversation (i.e., what the 
“talk” was about). 
2) Network Size:  Network models that are denser, or broader, are those that 
have more connections to more epistemic elements.  This indicates that the 
connections represented in such models were repeated more frequently, over 
time, in student discourse.  Said another way, it shows whether students 
repeatedly made connections between more elements.    
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3) Line (i.e., Edge) Weight:  The lines connecting any two nodes in a network 
model indicate the relative strength of the association (i.e., the connection) 
between those nodes in the model.  Stronger line weights (evidenced by color 
density and thickness) indicate a stronger connection between two nodes 
relative to other connective lines in the model.  Said another way, the 
strongest connections in a network model are represented by more heavily 
weighted lines. 
4) Nodes:  A “node” in ENA space represents each epistemic frame 
element.  The location of these nodes remains constant in any network model 
generated with a given ENA set.  The size of the nodes in each model are 
visual cues about the relative strength of the connections made to that 
epistemic element because it is proportional to the sum of the strengths of its 
connections.  Said another way, a larger node in a network model, compared 
to others, can reflect either a) more connections, or b) fewer, though very 
strong, connections to that node.   
In order to compare the richness, density and “location” of connections made in 
discourse to epistemic frame elements in groups at different ranked uses of APT, I 
conducted ENA and interpreted results to determine what, if any, differences existed in 
the types of connections among epistemic elements were made by groups that used 
differing proportions of APT in their design team meeting discourse by conversation (i.e., 
room) and design cycle (i.e., over time).  Additional analyses were conducted to test 
whether any group-level characteristics were associated with these differences (e.g., 
EQUALITY; GRP_SELFEFF).  Network models were generated and tested using a 
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comparative structure based on the quartile ranking approach described above (see 3.3.1-
3).  Table 3.15, below, describes the types of comparative variations tested using ENA. 
Table 3.15 
 
Summary of structures used to compare groups of differing quartile rankings 
 
Variable 
Characterization 
Included 
Rank(s)  
Variable 
Characterization 
Included 
Rank(s) 
High 3 vs. Low 0 
High 3 vs. Non-high 0, 1, & 2 
Higher 2 & 3 vs. Lower 0 & 1 
Non-low 1, 2 & 3 vs. Low 0 
  
After generating network models, I then used statistical supports embedded in the 
ENA tool to conduct and interpret t-tests to determine if the observed differences in the 
relationships between groups’ use of APT and epistemic frame elements in the epistemic 
network models were statistically significant (!-level, p<.05) on the x and/or y axes.  
Additionally, I interpreted Cohen’s d, which is a statistic used to determine the effect size 
(i.e., the strength of a phenomenon of interest) of differences, which is the standardized 
difference between two means25.  Therefore, the use of this statistic in my analysis 
represented a measure of the strength of difference in the mean equiload projections 
comparing any two network models in ENA space.  
 Finally, because mean network models (the types of models primarily used in this 
study) tend to have high densities of connections, they can look very similar and 
differences can be difficult to interpret.  Therefore, for those models found to be 
significantly different, I generated an additional network model – a “subtracted equiload” 
– to further highlight and reveal differences in the nature of each group’s discourse 
                                                
25 Cohen’s d is generated, along with the t-tests, as part of embedded statistical calculations in the ENA 
tool. 
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regarding the development of their epistemic frame of professional practice in 
engineering.  To generate these comparative models, the ENA tool “subtracted” the edge 
weights of one network model from another, one edge at a time.  This resulted in a 
network model with negative values associated with one color and positive values 
associated with another.  This is a visual representation of how any two models were 
different in terms of the relative strengths of their respective connections.26  
3.4.3  Research Question Three 
Do students have a higher probability of reporting a positive change in their 
attitudes and perceptions toward engineering when they are in a group, or groups, that 
engage in higher proportions of academically productive talk in their discourse during 
design meetings (vs. those in a group, or groups, that engage in lower proportions)? 
What, if any, individual- and/or group-level characteristics are associated with a positive 
change in disposition toward engineering? 
I answered my third research question using quantitative data from students’ 
survey responses, and qualitative data generated from my analysis of APT use in design 
meeting discourse.  To answer this research question, focused on a positive change in a 
student’s attitudes and perceptions toward engineering after playing Nephrotex, I first 
calculated a continuous variable of the proportion of discourse that was APT for their 
group in design cycle one (APT_EXPERIENCE1) and design cycle two 
(APT_EXPERIENCE2).  I then analyzed student's pre- and post-survey responses to 
identify if there was a positive change in their post-survey scores to generate a code for 
                                                
26 For instance, if two equiload projections (i.e., means of network models) are generated - one red and 
another blue - when they are “subtracted" in ENA, the blue lines that remain in the model would indicate 
that those connections were stronger, on average, than in the red equiload model, and visa versa. 
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each player (CHNGE_CONFID, CHNGE_SELFEFF, CHNGE_COMMIT).  Finally, I fit 
a series of logistic regression models to test the significance (!-level, p<.05) of 
participation in groups with higher APT use, controlling for particular individual 
characteristics (e.g., pre survey scores, level of experience, etc.), and group 
characteristics (e.g., equality of contribution, gender balance, etc.), on the probability that 
a positive change in a student's self-efficacy, confidence, and commitment toward 
engineering would occur.  A sample model for this analysis, for each player, followed 
this format: 
log p(CHNG _ SELFEFF =1p(CHNG _ SELFEFF = 0
!
"
#
$
%
&= !0 +!1APT _EXPERIENCE1+!2APT _EXPERIENCE2+!3PRE _ SELFEFF +!4NOVICE +!5EQUALITY +"
 
3.5 Summary 
 In this chapter I presented details about three research questions, their related 
hypotheses, and the research design that seeks to provide empirical answers to these 
questions.  As indicated, prior to conducting the analyses described above, the first phase 
of research involved applying, and testing the inter-rater reliability in applying, the 
conversational coding scheme to the discourse data.  Once inter-rater reliability was 
established, I proceeded with the analytic plan as outlined. 
Addressing research questions one and three required the use of logistic 
regression to determine: (1) what, if any, APT moves are associated with the presence of 
unique epistemic frame elements in group discourse during design team meeting; and (2) 
whether students have a higher probability of reporting a positive change in their attitudes 
and perceptions toward engineering when they are in a group, or groups, that engage in 
higher proportions of Academically Productive Talk in their discourse during design 
meetings (vs. those in a group, or groups, that engage in lower proportions).  Addressing 
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research question two required the use of Epistemic Network Analysis, along with the 
qualitative review of the discourse data, to determine whether there is a difference in the 
connections among different epistemic frame elements that groups make in their 
discourse with respect to Academically Productive Talk. 
In accord with the research design presented in this chapter, I present the results 
of data analysis and a discussion for each research question in the subsequent three 
chapters.  I address Research Question 1 (RQ1) in Chapter 4, Research Question 2 (RQ2) 
in Chapter 5, and Research Question 3 (RQ3) in Chapter 6.    
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Chapter 4 
Research Question One (RQ1) 
What, if any, Academically Productive Talk moves (APT) are associated with the 
presence of unique epistemic frame elements in group discourse during Nephrotex design 
team meetings? 
4.1 Chapter Overview 
 
As described in Chapter 3, to answer RQ1 I regressed each of the 20 epistemic 
outcome variables, in each conversation, in each Design Cycle, and in the sample of 
conversations, on the predictor variables drawn from the coding of discourse that 
characterized the syntactic contributions (i.e., conversational moves) found in design 
meeting discourse.  As will be presented in this chapter, findings from my analysis 
suggest that some APT moves are uniquely associated with evidence of different 
epistemic outcomes in conversational contributions, though findings vary by 
conversation, type of APT move (i.e., Facilitative or Conversational), and in the size of 
practical effect. 
First, findings indicated that for epistemic outcomes with a low occurrence of 
evidence in discourse (i.e., those associated with the Consultant and the Client), APT 
moves were the sole and/or predominant predictors in regression models.  In particular, 
the APT-Facilitative (APT-F) move Challenge  (i.e. an utterance that expresses a 
different conclusion or understanding of something that was said, expressed, proposed, 
etc.), and the APT-Conversational (APT-C) moves Share Reasoning (i.e., an utterance 
that provided reasoning or justification or clarification about why one thinks, believes, 
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says or claims something), Add More (i.e., an utterance that adds to or builds upon 
something that someone else said, expressed, proposed, etc.), and Explain (i.e., an 
utterance that provides an explanation about why something someone said, expressed, 
proposed, etc. is right or wrong) consistently predicted such evidence. 
Second, for epistemic outcomes that were evident in moderate amounts of 
students’ contribution in discourse (i.e., outcomes associated with Data Analysis, 
Identity, and the Skills of Collaboration and Professionalism), APT moves were included 
among many significantly associated predictors.  In these cases, APT moves, relative to 
other types of conversational moves (i.e., Declarations, Proposals, Eliciting, 
Administrative), were in some instances stronger, and in other instances weaker, 
predictors of evidence in utterances of each epistemic outcome. 
Third, findings indicated that a number of APT-Facilitative moves (Revoice, 
Restate, and Challenge) were found to be consistent and strong predictors of epistemic 
outcomes that occurred in the highest proportions of student contributions during design 
meeting discourse (i.e., those related to Engineering Design and to Technical 
Knowledge).  Given the relative infrequency of APT-F moves in student discourse 
(<10%) in the sample of conversations, the prominent practical effects of these moves in 
relation to these outcomes suggests that the frequency of a type of move is not 
necessarily indicative of whether or not such a move may be an important and practical 
type of syntactic contribution relative to an epistemic outcome in student discourse. 
Lastly, regardless of the level of occurrence of epistemic outcomes in student’s 
contributions, findings indicated that the APT-Conversational move, Share Reasoning, 
was the most common APT move predictive of such outcomes.  This move was often 
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found to have the strongest predicted probability of evidence of outcomes being present 
in students’ conversational contributions across the sample of conversations. 
4.2 Chapter Organization 
 
In order to effectively present findings, it is important to characterize the shape 
and context of the data used in my analysis.  Therefore, this chapter is organized as 
follows.  I first present an overview of the logistic regression results and summarize 
trends in these data.  Next, I present a broad summary of trends in the distribution of 
types of syntactic contributions (i.e., conversational moves) found in the sample of 
Nephrotex design meeting conversations.  Following this, in order to organize and 
provide context for the more detailed presentation of findings, I summarize descriptive 
statistics regarding the frequency of evidence of epistemic outcomes in student discourse 
in the sample of conversations, as a proportion of all utterances. I then present key 
findings about the predicted probabilities (i.e., average marginal effects (AME)) of 
Academically Productive Talk (APT) moves retained in the final logistic models 
regarding their associations with unique epistemic outcomes.  The presentation of these 
findings are organized in three sections, related to the degree of evidentiary occurrence of 
epistemic outcomes, namely the degree to which they appear in relatively infrequent (i.e., 
low), moderate, and high degrees in student discourse.  Presenting findings in this way 
highlights important relationships in the data because even though evidence of some 
epistemic elements in student discourse may be rare (i.e., references made to the Client or 
the Consultant), they still represent central aspects of epistemic discourse.  As such, 
“more” evidence of a particular epistemic type is not an indication of “better” discourse, 
but rather is a reflection of the general trends in what students attended to in their 
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conversations as they worked on their design problem.  Full summary tables of all AME 
findings can be found in Appendix H.  This chapter concludes with a discussion of 
findings from my analysis of data related to research question one, as well as implications 
for practice and future research. 
4.3 Summary of logistic regression results 
 
Table 4.1, below, summarizes significant findings from logistic regression models 
regarding the association between APT moves and evidence of epistemic frame elements 
(outcomes) in student discourse during Nephrotex design team meetings.   Two features 
of how data is represented in this table are important to note.  Each cell in the table 
indicates: (1) with which epistemic outcome, if any, each APT move was significantly 
associated; and if so, (2) in which, conversation(s).  For instance, the APT-Facilitative 
(APT-F) move, Restate (i.e., an utterance that prompted someone to repeat something 
that someone else, or the group, said or decided on), was a significant predictor in two 
logistic models for Conversation 4, namely, for the outcome Epistemology of Design (i.e., 
evidence in a student utterance that justified decisions using design terms/references), and 
for the outcome Knowledge of Design (i.e., evidence in a student utterance that referred 
to aspects of the device, prototype, experiment, or filtration membrane).  Similarly, the 
APT-Facilitative move, Revoice (i.e., an utterance that reframed what someone said, 
expressed, proposed, etc. in order to check/clarify understanding), was a significant 
predictor for the outcome Skill of Design (i.e., evidence in a student utterance that 
conveyed an action related to design development, prioritizing, tradeoffs, and making 
design decisions) in both Conversation 1 and Conversation 4.   Second, to more easily 
recognize patterns of significant associations between APT moves and outcomes, cells in 
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the table are color coded to reflect which epistemic domain findings are related to (i.e., 
Skill (green), Knowledge (orange), Identity (purple), Values (pink), and Epistemology 
(blue)).  In what follows, I briefly summarize key trends in these data. 
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Table 4.1 
 
Summary of significant findings of APT moves for each epistemic outcome (cells values indicate which conversation(s) the code 
was found in; color scheme is organized by epistemic domain) 
 
APT-Facilitative (APT-F) APT-Conversational (APT-C) 
Epistemic 
Element/ 
Domain 
Say 
More 
Press 
for 
Reason 
Revoice Restate Explain Challenge Say More 
Share 
Reasoning Restate Add More Explain 
Design 
      
  
    Epistemology 
   
4 
  
  2 | 3 | 4 2 
  Knowledge 1 1 1 4 
 
1 | 4 1 1 | 2 | 3 | 4 1 | 4 1 | 2 1 | 2 
Skill 
 
1 1 | 4 
  
1 | 2 1 1 | 2 | 3 | 4 4 
 
1 
Data 
      
  
    Epistemology 
 
1 
   
1 1 1 | 4 1 1 1 
Knowledge 
     
1 1 1 | 4 4 
 
1 | 4 
Skill 
     
1   
    Client 
      
  
    Epistemology 
 
3 
   
3   2 | 3 
   Knowledge 
  
1 
 
1 1 | 3 1 1 | 2 | 3 1 1 | 3 1 | 3 
Values  
      
  
    Consultant 
      
  
    Epistemology 
      
1 1 | 2 | 3 | 4 
   Values   3 | 4 3 
Engineer             
Identity 
      
  3 
   Intern 
 
` 
    
  
    Identity 
      
  4 
   Collaboration 
      
  
    Skill 
      
  2 | 3 
   Professionalism 
      
  
    Skill 
 
1 
    
  3 
 
3 
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APT-Facilitative (APT-F) APT-Conversational (APT-C) 
Epistemic 
Element/ 
Domain 
Say 
More 
Press 
for 
Reason 
Revoice Restate Explain Challenge Say More 
Share 
Reasoning Restate Add More Explain 
Attributes* 1 1 1 | 4 
  
1 | 2 | 3 | 4   1 | 2 | 3 | 4 1 | 3 | 4 1 | 2 | 4 1 | 2 | 3 | 4 
CNT* 
 
2 1 | 2 
  
1 | 2 1 | 2 1 | 2 2 1 | 2 | 4 1 | 2 
Manufacturing* 
 
2 2 
  
2 2 | 3 2 | 3 2 | 3 | 4 2 2 
Materials* 
  
2 
   
2 2 | 3 2 | 3 | 4 
  Surfactant* 1 | 2 2 1 | 2 | 3     1 | 2 1 | 2 1 | 2 | 3 1 | 2 | 3 | 4 2 |3 2 | 3 
* These elements are keyed to the "Knowledge" domain, though related to aspects of device-specific "technical" knowledge in the 
internship. 
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A review of these findings indicates a number of trends that are worth noting.  
Firstly, epistemic outcomes in the Knowledge domain (i.e., of Design, Data, Client, and 
Technical Knowledge) include the most diverse range, and highest occurrence, of 
predictive APT moves in the sample of conversations.   Secondly, the epistemic element 
of Design includes the broadest frequency of significant APT moves across the 
representative domains of Epistemology, Knowledge, and Skill.  Finally, there was a 
higher preponderance of APT moves from the Conversational category (APT-C), 
compared to those in the Facilitative category (APT-F), significantly associated with 
epistemic outcomes.  On the one hand, this is not surprising given that, as a proportion of 
all utterances, APT-C moves were almost six times more prominent than APT-F moves 
in the sample of conversations (35% vs. 6%).  On the other hand, the fact that so many of 
the APT-F moves were found to be significant predictors of epistemic outcomes related 
to Design, Data, the Client, and Technical Knowledge, suggests that even with a lower 
frequency of occurrence, such moves are still an important syntactic aspect of epistemic 
discourse. 
There are also a number of trends in the data regarding the distribution of 
particular APT moves.  For instance, findings highlight that there is a prominent move in 
each of the APT categories.  In particular, among APT-Conversational (APT-C) moves, 
Share Reasoning (i.e., an utterance that provided reasoning or justification or clarification 
about why one thinks, believes, says or claims something) was a significant predictor of 
all but two epistemic outcomes (18 of 20), and was found to be so in anywhere from one, 
to all four, conversations.  Among the APT-Facilitative (APT-F) moves, Challenge (i.e. 
an utterance that expressed a different conclusion or understanding of something that was 
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said, expressed, proposed, etc.) was a significant predictor of over half (11 of 20) of the 
epistemic outcomes in at least one conversation.  Of additional interest is that with the 
exception of APT-F Restate and Explain, all of the APT moves were associated with 
epistemic outcomes related to Technical Knowledge (i.e., Attributes, CNT, 
Manufacturing, Materials, and Surfactant).  As will be presented in detail below, while 
this appears to be a robust finding, it is mediated by the fact that these moves were 
significantly associated along with many other types of moves (i.e., Declarations, 
Eliciting, Proposals, Administrative) in discourse.  This suggests that although these 
moves seem to play a key role in discourse, they are not unique in their associations, with 
a few exceptions. 
Finally, the fact that the APT-C Share Reasoning was found to be a significant 
predictor in so many logistic models related to outcomes in the domain of Epistemology 
(i.e., Design, Data, the Client, and the Consultant) is not particularly surprising given that 
evidence of these outcomes in student discourse relates to justifying decisions (i.e., using 
design terms/references, data, or reference to the client’s and consultant’s 
needs/interests).  However, the prominence of this move as a predictor of other epistemic 
elements suggests that it is an important type of syntactic contribution in other regards, as 
will be featured in the sections below. 
Other trends relate to limited findings from logistic regression.  For instance, only 
three APT moves (APT-F: Press for Reasoning; APT-C: Share Reasoning and Add 
More) were associated with evidence of the skills of Collaboration and Professionalism.  
In fact, very few conversational moves of any type were predictive of these outcomes, 
suggesting that evidence of these skills in student discourse is perhaps unrelated to “how” 
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people talked, regardless of the type of contribution.  More specifically, no facilitative 
moves (APT-F) were found to be associated with evidence of the Consultant, Identity (as 
an Engineer; as an Intern), or the skill of Collaboration in student discourse in the sample 
of conversations.   Additionally, results indicated that the Say More move (in both APT-F 
and APT-C), as well as most APT-F moves, with few exceptions, were found to be 
significant predictors in only one conversation (in particular, in Conversation 1).  This 
suggests that the effects of these moves may, in part, be a reflection of groups’ initial 
efforts to establish how they would engage in discourse as they wrestled with the task in 
their first collaborative meeting. 
4.4 Distribution of types of conversational moves in the sample of 
conversations 
Figure 4.1, below, displays the distribution of conversational moves in the sample 
of design meeting conversations in Nephrotex used in this study.  As indicated, APT 
moves (in purple) overall, and APT-Conversational (APT-C, in red) moves specifically, 
account for the highest proportion of conversational moves in each conversation.  The 
exception to this is in Conversation 3, when conversational moves categorized as 
Declarations (i.e., Present, Point of View (POV), Activity, Inform) represent the highest 
proportion of moves (in green).  Conversational moves characterized as Administrative 
(i.e., State, Pose, Action) (in grey) and APT-Facilitative (in blue) in nature are the least 
frequent types of contributions across the conversations (<10%).  As will be presented 
below, low frequency moves are found to be significantly associated with epistemic 
outcomes as much, and in some cases more so, than moves more frequently found in 
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discourse.  A summary table of descriptive statistics of conversational move distribution 
is presented in Appendix G.  
Figure 4.1.  Distribution (%) of conversational moves in the sample, by category of move 
and conversation.!
4.5 Trends in evidentiary occurrence of epistemic outcomes in design meeting 
conversations 
 
Table 4.2 (below) summarizes the distribution of the occurrence of evidence for 
each epistemic frame element (outcome) in students’ design meeting discourse 
contributions in Nephrotex at the sample, design cycle, and conversation levels of 
analysis.  As displayed, 60% of utterances in the sample yielded evidence of engineering 
epistemic discourse.  This trend was, overall, consistent in each conversation with the 
exception of Conversation 3 (in Design Cycle 2), where 68% of utterances yielded such 
evidence.  Closer analysis of these data shows that the frequency of evidence for different 
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epistemic outcomes in student discourse varied, and can be roughly organized into 
evidence that occurred in low, moderate, and high amounts in student contributions, and 
is presented in what follows. 
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Table 4.2 
 
Summary statistics of distribution of epistemic coding in the utterance data in Nephrotex (N = total utterances in data in segment) 
  Sample 
(N=15068) 
Design Cycle 1 (N=8704) Design Cycle 2 (N= 6364) 
 
Convo 1 
(N=4048) 
Convo 2 
(N=4620) Cycle Total 
Convo 3 
(N=4263) 
Convo 4 
(N=2101) Cycle Total 
Epistemic 
Domain/ 
Element 
n Percenta n Percent n Percent n Percent n Percent n Percent n Percent 
No Evidence 5949 39.48% 1683 41.58% 1985 42.00% 3668 42.14% 1381 32.40% 900 42.84% 2281 35.84% 
Epistemology  1975 13.11% 479 11.73% 584 12.64% 1063 12.21% 578 13.55% 334 15.90% 912 14.33% 
Client 155 1.03% 126 3.09% 9 0.19% 135 1.55% 12 0.28% 8 0.38% 20 0.31% 
Consultant 217 1.44% 47 1.15% 88 1.90% 135 1.55% 43 1.01% 39 1.86% 82 1.29% 
Data 223 1.48% 36 0.88% 52 1.13% 88 1.01% 91 2.13% 44 2.09% 135 2.12% 
Design 1380 9.16% 270 6.61% 435 9.42% 705 8.10% 432 10.13% 243 11.57% 675 10.61% 
Identity 358 2.38% 51 1.25% 77 1.66% 128 1.47% 177 4.15% 53 2.52% 230 3.61% 
Engineer 333 2.21% 40 0.98% 74 1.60% 114 1.31% 171 4.01% 48 2.28% 219 3.44% 
Intern 25 0.17% 11 0.27% 3 0.06% 14 0.16% 6 0.14% 5 0.24% 11 0.17% 
Knowledge 13394 88.88% 3259 79.81% 4000 86.57% 7259 83.42% 4487 105.26% 1648 78.44% 6135 96.40% 
Attributes 4046 26.85% 1662 40.70% 700 15.15% 2362 27.14% 1158 27.16% 526 25.04% 1684 26.46% 
Client 329 2.18% 274 6.71% 21 0.45% 295 3.39% 22 0.52% 12 0.57% 34 0.53% 
CNT 984 6.53% 180 4.41% 401 8.68% 581 6.68% 325 7.62% 78 3.71% 403 6.33% 
Data 626 4.15% 122 2.99% 119 2.58% 241 2.77% 231 5.42% 154 7.33% 385 6.05% 
Design 3726 24.73% 679 16.63% 1187 25.69% 1866 21.44% 1207 28.31% 653 31.08% 1860 29.23% 
Manufacturing 1013 6.72% 90 2.20% 565 12.23% 655 7.53% 285 6.69% 73 3.47% 358 5.63% 
Materials 1152 7.65% 73 1.79% 153 3.31% 226 2.60% 829 19.45% 97 4.62% 926 14.55% 
Surfactant 1518 10.07% 179 4.38% 854 18.48% 1033 11.87% 430 10.09% 55 2.62% 485 7.62% 
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   Sample 
(N=15068) 
Design Cycle 1 (N=8704) Design Cycle 2 (N= 6364) 
 
Convo 1 
(N=4048) 
Convo 2 
(N=4620) Cycle Total 
Convo 3 
(N=4263) 
Convo 4 
(N=2101) Cycle Total 
Epistemic 
Domain/ 
Element 
n Percenta n Percent n Percent n Percent n Percent n Percent n Percent 
Skill 3433 22.78% 695 17.01% 1018 22.05% 1713 19.68% 1207 28.31% 513 24.41% 1720 27.03% 
Collaboration 426 2.83% 43 1.05% 64 1.39% 107 1.23% 254 5.96% 65 3.09% 319 5.01% 
Data 400 2.65% 92 2.25% 84 1.82% 176 2.02% 143 3.35% 81 3.86% 224 3.52% 
Design 2223 14.75% 438 10.72% 751 16.26% 1189 13.66% 699 16.40% 335 15.94% 1034 16.25% 
Professionalism 384 2.55% 122 2.99% 119 2.58% 241 2.77% 111 2.60% 32 1.52% 143 2.25% 
Values 161 1.07% 94 2.30% 32 0.69% 126 1.45% 20 0.47% 15 0.71% 35 0.55% 
Client 78 0.52% 67 1.64% 8 0.17% 75 0.86% 3 0.07% 0 0.00% 3 0.05% 
Consultant 83 0.55% 27 0.66% 24 0.52% 51 0.59% 17 0.40% 15 0.71% 32 0.50% 
Totalsb 19321 n/a 4578 n/a 5711 n/a 10289 n/a 6469 n/a 2563 n/a 9032 n/a 
a Reflects the proportion of utterances coded for the epistemic element in the segment. b Totals exceed the segment N's because utterances can be coded for 
evidence of >1 epistemic frame element (i.e., co-occuring). 
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4.5.1  Trends for epistemic elements with a low frequency of evidentiary occurrence 
 
Student contributions in Nephrotex discourse that included evidence related to the 
Client (Epistemology, Values, and Knowledge) and the Consultant (Epistemology and 
Values) occurred relatively infrequently, as a proportion of all utterances.  With a few 
exceptions, such evidence was present in < 2% of student contributions in each design 
meeting.  As displayed in Figure 4.2 (below), there was slight variation in the degree to 
which consultants’ needs and interests were used to justify design decisions (i.e., 
Epistemology), and overall, this element is more prominent than others.   This trend 
makes sense and reflects the stage of decision-making in the second meeting of each 
design cycle, which is focused on submitting new devices for testing.  Evidence of 
references to the Client (Knowledge and Epistemology) and Consultants’ values in 
student contributions was similar and consistent, after a higher degree of reference in the 
first design meeting.  Relatedly, evidence of reference to consultants’ values remains 
relatively constant regarding the degree to which students include them in their design 
thinking. 
!
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!
Figure 4.2.  Trends in low occurrence epistemic evidence in Conversations 1-4. 
 
4.5.2  Trends for epistemic elements with a moderate frequency of evidentiary 
occurrence 
Epistemic evidence in student discourse that occurred at a moderate frequency 
included references to aspects of: (1) Data Analysis (Epistemology, Knowledge, and 
Skill); (2) students’ Identity (as interns and as engineers); and to (3) students’ 
Professional and Collaborative Skills.  First, evidence of all aspects of Data Analysis 
were found in 2% to 7% of utterances, depending on the conversation, and overall, 
increased in frequency over the course of the internship (see Figure 4.3a, below).  This 
indicates that students tended to incorporate Data Analysis into their design thinking 
more in the second design cycle, relative to other types of epistemic evidence. The 
exception to this is a slight decrease from the first (i.e., Conversation 1) to the second 
(i.e., Conversation 2) design meeting.  The most marked of these differences is in the 
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frequency of indications that students included knowledge of Data in their design 
thinking.  More specifically, on average, references to the Knowledge of Data are 1.6 
times that of the Skill of Data, and 3 times that of the Epistemology of Data. 
!
Figure 4.3a.  Trends in moderate occurrence epistemic evidence in Conversations 1-4. 
 
Second, the evidentiary trends related to students’ Identity as interns and as 
engineers, and their Skills of Collaboration and Professionalism, are combined and 
presented below (Figure 4.3b).  Overall, evidence in discourse related to students’ 
Identity ranged from  ~1% to 4%, and reference to collaborative and professional skill 
was evident in from ~1% to 6% of utterances in design meeting discourse.  More 
specifically, evidence that students’ design thinking incorporated reference to their 
identities as engineers and collaborative skill increased in frequency in the second design 
cycle and peaked in Conversation 3.  This trend makes sense and reflects the design of 
the simulation in that it would be expected that as students engage in the collaborative 
work and practice of engineers, they would come to see themselves more as engineers.  
References to students’ identity as an intern remained relatively low, though consistent, 
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throughout their design meetings.  Finally, although representing only a small proportion 
of evidence in discourse, contributions that included evidence of students’ professional 
skill decreased by 50% (3% to 1.5%) over the course of the internship.  This finding can 
be explained in two ways.  First, it is possible that evidence of students’ professional skill 
was reflected in other aspects of the simulation (i.e., in student’s personal notebook 
entries) not examined in this study.  Relatedly, it is possible that because the focus of this 
study was on discourse in design meetings, evidence of collaborative skill would by 
default be more evident than professional skill. 
!
Figure 4.3b.  Trends in moderate occurrence epistemic evidence in Conversations 1-4. 
 
4.5.3  Trends for epistemic elements with a high frequency of evidentiary occurrence 
 
Finally, epistemic elements with a high frequency of evidentiary occurrence in 
Nephrotex design meeting discourse, as a proportion of all utterances, are those related to 
aspects of: (1) Engineering Design (Epistemology, Knowledge, and Skill); and (2) 
device-specific “technical” Knowledge.  First, evidence in discourse of reference to 
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engineering Design elements ranged from 5% to 31%.  As displayed in Figure 4.4a, 
below, the differences in the frequency of evidence in the three design domains 
(Epistemology, Knowledge, and Skill) were relatively consistent across the four design 
meeting conversations.  On average, references in contributions to engineering Design 
Knowledge were 1.7 times that of the design skill, and 2.7 times that of the Design 
Epistemology.  Additionally, while evidence related to design skill plateaus after a slight 
increase from Conversation 1, evidence of Knowledge and Epistemology of Engineering 
Design in student contributions almost doubled in frequency over the course of design 
meetings (17% - 31% and 7% - 12%, respectively). 
 
Figure 4.4a.  Trends in high occurrence epistemic evidence in Conversations 1-4. 
 
Lastly, evidence of Technical Knowledge related the device design (around which 
the internship in focused) was also found in a high proportion of student contributions, 
ranging from 2% to 40%, with an average of 11% of contributions in each conversation.  
As can be seen in Figure 4.4b (below), contributions that include this evidence vary from 
meeting to meeting.  Also evident is that evidence related to knowledge of device 
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“attributes” was most prominent overall, especially in the first conversation.  These 
trends makes sense given that the technical aspects of the device, particularly “attributes,” 
were a central aspect of what was tested in the FEEDS system for any submitted device.  
 
Figure 4.4b.  Trends in high occurrence epistemic evidence in Conversations 1-4. 
 
4.6   Average marginal effects (i.e., practical effects) of APT moves in design 
meeting discourse 
In the previous sections I first broadly summarized findings from logistic 
regression regarding the association of APT moves with epistemic outcomes.  I then 
summarized trends in evidentiary occurrence of epistemic outcomes in student design 
meeting discourse.  In the following sections I present key findings about the average 
marginal effects (AME) of Academically Productive Talk (APT) moves regarding their 
associations with each of the epistemic outcomes, in each design meeting conversation.  
AME findings are organized and presented with respect to evidence of epistemic 
elements in discourse with a low, moderate, and high occurrence of evidence, as 
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presented above.  In the figures associated with findings presented below, each featured 
conversational move is color-coded, based on which conversational move category it is 
associated with:  red markers indicate APT moves; black markers indicate Declaration 
moves; orange markers indicate Administrative moves; green markers indicate Eliciting 
moves; and blue markers indicate Proposal moves.   
4.6.1   Effects of APT moves related to epistemic outcomes with low evidentiary 
occurrence in student contributions 
As presented above, evidence of epistemic outcomes related to the Client and the 
Consultant occurred relatively infrequently in student discourse (on average, < 2% of 
utterances).  Analysis of logistic regression results indicated that overall, APT moves 
were the most prominent and strongest predictors of epistemic outcomes in discourse 
related to such outcomes.  As will be described in what follows, AME results suggest that 
some APT moves have important, practical effects with regard to whether evidence 
related to the Client and the Consultant was found in student contributions. 
The Client 
First, I present evidence indicating that, with regard to outcomes related to the 
Client, four APT moves consistently predicted such evidence:  the APT-F move 
Challenge  (i.e. an utterance that expresses different conclusion or understanding of 
something that was said, expressed, proposed, etc.), and the APT-C moves Share 
Reasoning, Add More (i.e., an utterance that adds to or builds upon something that 
someone else said, expressed, proposed, etc.), and Explain (i.e., an utterance that provides 
an explanation about why something someone said, expressed, proposed, etc. is right or 
wrong). 
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Knowledge of Client.  In Conversation 1, half of all types of conversational moves 
(14/28) were predictive of this outcome (i.e., reference to the health, comfort, and/or 
safety of the client/patient), including those in the categories of APT, Declarations, 
Elicitations and Proposals.  However, the preponderance of APT moves, seven of which 
(4 APT-C and 3 APT-F) were stronger predictors than moves of other talk types, suggests 
that there is an important relationship between such moves and reference to knowledge of 
the client in this conversation (see Figure 4.5, below).  In particular, the predicted 
probability (PPr) that evidence of this outcome would be present in a student’s 
contribution during design meeting discourse ranged from 0.222 for the APT-C move, 
Say More (i.e. an utterance that explained or elaborated on one’s own thinking), to 0.339 
for the APT-F move, Explain (i.e., an utterance that prompted someone else to explain 
why something someone said, expressed, proposed, etc. is right or wrong). 
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Figure 4.5.  AME results associated with evidence of Knowledge of Client in 
Conversation 1. 
Of additional interest is that in Conversations 2 and 3, APT moves were the only 
types of conversational moves predictive of whether evidence of the Knowledge of Client 
would be included in a student contribution (see Figure 4.6, below).   
!
Figure 4.6.  AME results associated with evidence of Knowledge of Client in 
Conversations 2 & 3. 
In particular, the APT-C move Share Reasoning had the strongest average marginal 
effect on the probability that the associated utterance also included evidence of client 
knowledge in both of these conversations (0.009 in conversation 2, and 0.018 in 
conversation 3).  Additionally, the average marginal effects of APT-C: Add More, APT-
C: Explain and APT-F: Challenge in Conversation 3 are the same or indistiguishable 
from APT-C: Share Reasoning, suggesting that they contribute in more or less equal 
ways to yielding evidence of this outcome.  It is important to note, however, that although 
these conversational moves are unique in their associations with this outcome in these 
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conversations, the practical effects of these moves were much smaller compared to those 
found in Conversation 1. 
Epistemology of Client.  The next client-related outcome pertains to the epistemic 
domain of Epistemology (i.e., at utterance that refers to the client’s or patient’s safety, 
health, wellbeing, or comfort to justify design decisions).  For this outcome, the patterns 
of significant association were most clear when looking at findings at the design cycle 
level rather than the convesation level.  Findings indicate that APT moves were the only 
types of conversational moves predictive of whether evidence of the epistemology of the 
client would be included in a student’s contribution (see Figure 4.7, below).   
!
Figure 4.7.  AME results associated with evidence of Epistemology of Client. 
 
As displayed, three APT moves were found to be associated with this outcome in both 
Design Cycle 1 (i.e., “H1”) and Design Cylce 2 (i.e., “H2”) -  APT-C: Explain, APT-F: 
Challenge, and APT-C: Share Reasoning – through their respective predicted 
probabilities were three to four times stonger in Design Cycle 1.  These findings suggest 
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that, relative to all other types of conversational contributions, there is a unique and 
practical, albeit small, association between students’ use these APT moves and evidence 
of epistemology of the client in conversational contribtions.  Additionally, findings 
suggest that these moves are more predictive of this outcome in design meeting discourse 
during the first Design Cycle. 
Values of Client.  Evidence in student contributions in discourse that reflect this 
outcome make reference to the importance of considering the needs of the client/patient 
in their design thinking.   As was the case with the previous outcome, the patterns of 
significant associations were most clear when looking at findings at the design cycle 
level.  Results indicated that four APT moves were the sole predictors (i.e., no other 
conversational moves, of any type, were statistically significant) of whether evidence of 
valuing the client would be present in conversational contributions across conversations 
in Design Cycle 1 (i.e., Conversation 1 and 2).  In particular, the average marginal effects 
of these APT moves – all of which are small - on the probability of this outcome are 
displayed in Figure 4.8 (below), and include the APT-C moves Explain, Add More, and 
Share Reasoning, as well as the APT-F move, Challenge.  This finding suggests that 
there is a unique and practical association between students’ use these APT moves and 
evidence of valuing the client’s needs in conversational contribtions in Design Cycle 1. 
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!
Figure 4.8.  AME results associated with evidence of Values of Client. 
The Consultant 
Next, I present findings from my analysis of the average marginal effects of 
conversational moves associated with epistemic outcomes related to the Consultant.  
These outcomes include evidence in design meeting discourse that students, (1) 
recognized the importance of considering their internal consultants’ needs (i.e., Values), 
and (2) referred to the internal consultant’s needs, wants, etc. as justification for design 
decisions (i.e. Epistemology).  As will be described below, evidence indicates that only 7 
of 28 conversational moves (of any type) were associated with Consultant-related 
outcomes, three of which were APT moves:  APT-C Share Reasoning and Add More, and 
the APT-F move, Press for Reasoning.  In particular, in all of these models the APT-C 
move, Share Reasoning, was found to have a practical effect on the probability of such 
outcomes.  Overall, the practical effects of APT moves are less substantial than those 
reported above for the Client-related outcomes. 
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 Epistemology of Consultant.    With the exception of the Declaration move, 
Present, in Conversation 1, the only types of conversation moves found to be 
significantly associated with evidence of epistemology of the consultant were APT 
moves (Figure 4.9, below). 
 
Figure 4.9.  AME results associated with evidence of Epistemology of Consultant. 
 
In particular, APT-C: Share Reasoning was significant in all conversations, with 
predicted probabilities of an utterance providing evidence of this outcome ranging from 
0.013 - 0.041.  Addtionally, the average marginal effect of APT-F: Press for Reasoning 
(i.e., an utterance that prompted someone else to provide reasoning or justification about 
why he/she thinks, believes, says or claims something) on the probability that the 
associated uterance included evidence of epistemology of the consultant in Conversation 
3 was 0.035.  Although the practical effects of these moves are relatively small (PPr’s 
<0.05), these findings indicate a unique association between the use of these APT moves 
!"!!!#!"!$!#
!"!%!#!"!&!#
!"!'!#!"!(!#
!"!)!#!"!*!#
!"
#$
%&
'#
$(
!"
)*
+*
%,%
'-
(.!
!"
/(
0)12#"3+'%)1+,(4)2#(.0+'#5)"-64)2#/(
  
97 
and evidence of the epistemology of the consultant being present in a student’s 
contribution. 
Values of Consultant.  With regard to this outcome, no conversational moves of 
any type were found to be significant predictors of this outcome in conversations 1 or 2 
(i.e., Design Cycle 1).  In other words, instances when evidence in a student’s 
contribution included the valuing of the consultant’s needs/interests were not associated 
with any particular type of conversational contribution.  However, as displayed in Figure 
4.10 (below), results did indicate that two APT moves were significantly associated with 
evidence of valuing the Consultant in Design Cycle 2.  In particular, in Conversation 3, 
the only predictors were the APT-C moves Share Reasoning and Add More, suggesting a 
unique syntactic association with the inclusion of this outcome.  The average marginal 
effects of these moves on the probability of evidence of consultants’ values in students’ 
contributions were both 0.01. 
In Conversation 4, APT-C: Share Reasoning was the only APT move found to 
have a significant effect, though it had the lowest predicted probability of the four moves 
significantly associated with this outcome.  This suggests that it was more probable that a 
student’s proposal about how the group should proceed with their task (i.e., PROPOSE: 
Process), questions to others about how the group should proceed (i.e., ELICIT: 
Process), and proposing a skills-based strategy related to completing their task (i.e., 
PROPOSE: Approach) were better predictors of whether they would include reference to 
the need to value the Consultant’s interests. 
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Figure 4.10.  AME results associated with evidence of Values of Consultant. 
 
4.6.2   Effects of APT moves related to epistemic outcomes with moderate 
evidentiary occurrence in student contributions 
In the preceding section, I presented findings about the AME of APT moves in 
relation to epistemic outcomes that occurred infrequently in Nephrotex design meeting 
discourse.  In this section, I present an analysis of AME findings with regard to epistemic 
outcomes that occurred at more moderate levels in student discourse.  As previously 
noted, such evidence is related to student contributions that included aspects of: (1) Data 
Analysis (Epistemology, Knowledge, and Skill); (2) students’ Identity (as interns and as 
engineers); and (3) students’ Professional and Collaborative Skills. 
Data Analysis 
First, I present findings related to data analysis, evidence of which was found in 
anywhere from 2% to 7% of utterances in design meeting discourse.  The most common 
outcome for the epistemic element of data was students’ incorporating their Knowledge 
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of data in their design thinking (i.e. references to numerical values, results tables, graphs, 
or research papers).  This was followed in frequency by evidence of students’ Skill with 
data (i.e., using/applying their knowledge of data), and lastly, students’ use of data to 
justify design decisions (i.e., Epistemology).  Analysis of logistic regression results 
indicated that although many APT moves were significant predictors of such outcomes, 
they are not unique as was found with the outcomes discussed above (i.e., the Client).  In 
other words, when APT moves were found to be significantly associated with epistemic 
outcomes related to data analysis, they were found to be so among conversational moves 
of other types (i.e., Proposals, Declarations, Eliciting, Administrative), and often, with 
smaller predicted probabilites. A brief summary of these findings for the epistemic 
element data in the domains of Knowledge, Epistemology, and Skill are presented below. 
Knowledge of Data.  Findings indicated that some APT moves were significantly 
associated with evidence of this outcome in the first and fourth design meetings (see 
Figure 4.11, below), though not as strongly as other types of conversational contributions.  
In particular, four APT moves were found to have significant predictive probabilities in 
Conversation 1 (see red markers), though none of them had stronger practial effects 
compared to other moves from the Declaration (black markers), Proposal (blue marker), 
Administrative (orange markers), and Eliciting (green marker) categories of 
conversational contribution types.   
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Figure 4.11.  AME results associated with evidence of Knowledge of Data. 
 
This suggests that overall, it was more probable that students’ contributions that reflect 
conversational moves from these types of contributions would include evidence of data 
knowledge, more so than would APT moves.  However, it is important to note that in 
Conversation 4, one APT move was among the moves with the strongest practical effects 
predictive of this outcome.  Specifically, the APT-C move, Restate (i.e., at utterance that 
provided a summary of what someone else said, something the group decided, etc.), had 
an average marginal effect of 0.134 on the probability that evidence of Knowledge of 
Data would be presented.  This finding suggests that this conversational move, compared 
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to other types of moves, may be an imporant type of syntactic contribution regarding 
whether or not students include knowledge of data in their design thinking and discourse, 
in Conversation 4. 
Skill of Data.  This outcome was evident in student contributions that referenced 
how to use and/or apply data (i.e. references to numerical values, results tables, graphs, or 
research papers) in their design thinking.   Only two APT moves were found to be 
significantly associated with evidence of the Skill of Data in design meetings 
contributions.  Both of these moves were found in Conversation 1 and had relatively low 
marginal effects relative to other types of conversational moves.   Specifically, the 
predicted probability (PPr) of skill of data being present in a student’s contribution was 
0.034 for utterances that were coded as the APT-Facilitative move Challenge, and 0.046 
for those coded as the APT-Conversational move Say More.  This finding suggests that, 
overall, it is more probable that students’ use of conversational moves that were 
characterized as Declarations (i.e., Activity, Present, Inform), Proposals (i.e., Process, 
Response, Approach), and Administrative (i.e., State, Pose) in nature would yield 
evidence of this outcome in design meeting discourse, compared to APT moves. 
Epistemology of Data.  Similar to findings related to the knowledge of data, 
significant associations were found for APT moves in Conversations 1 and 4 (see Figure 
4.12, below).  Specifically, of 16 conversational moves significantly associated with this 
outcome in Conversation 1, almost half (7) were APT moves (indicated by red markers).   
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Figure 4.12.  AME results associated with evidence of Epistemology of Data. 
 
Of these, the probability that evidence of Epistemology of Data would be present in a 
student’s contribution increased by 0.190 if the utterance was characterized as APT-C: 
Share Reasoning, the strongest marginal effect of all moves associated with this outcome 
in this conversation.  As previously noted however, this association is not particularly 
surprising given the nature of the Share Reasoning move (i.e., the rationale/justification 
of why one thinks something).  Lastly, in Conversation 4, this same move was one of 
only two moves, second in predicted probability to the Declaration move, Activity (i.e., an 
utterance that conveys information to the group about the actions one, or someone else, 
has taken relevant to the completion of the task). 
This finding suggests two things.  First, the use of this APT move is particularly 
salient with regard to whether a student’s contribution justified a design decision with the 
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use of data, in the last design meeting (i.e., Conversation 4) prior the submission of 
student’s final devices.  Second, while the evidence indicates that both of these moves are 
significantly associated with evidence of the Epistemology of Data in student discourse in 
this conversation, the probability of such evidence being present is associated with two 
characteristically different types of contributions.  More specifically, the use of the APT-
C: Share Reasoning move characterizes a type of contribution that provides a substantive 
contribution to interactive discourse about how data should be used in students’ design 
thinking as they make decisions about their device design.  In contrast, the DECLARE: 
Activity move reflects a different type of contribution to discourse, namely one that 
supports the group’s process because it is informing others about the activities of the 
group related to the completion of their task.  
Identity 
Having presented findings about the practical effects of APT related to data 
analysis (above), I now turn to a presentation of the practical effects of these moves with 
regard to epistemic evidence in student discourse about students’ Identity as Interns and 
as Engineers.  As previously reported, such evidence in design meeting discourse was 
found in moderate amounts in anywhere from 1% to 4% of student contributions.  Results 
of logistic regression suggested that APT moves had little predictive power with regard to 
evidence in the epistemic domain of Identity.  The interpretation of AME results 
indicated that only one APT-C move, Share Reasoning, had a practical, though limited, 
effect in relation to these outcomes, and is briefly descibed in what follows. 
First, findings indicated that conversational moves found to be significantly 
associated with evidence of Engineering Identity (i.e., utterances in which students self-
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identified as an engineer, member of a team, working for company, etc.) had very low 
predicted probabilities overall (PPr range: 0.020 – 0.082).  In this model, the average 
marginal effect of the APT-C: Share Reasoning on the probability of evidence of this 
outcome was 0.038, in Conversation 3.  This suggests that Declaration moves (Activity, 
Present), Proposal moves (Process, Approach, Response), and Administrative moves 
(Pose, State, Action) are all better predictors of this outcome in student discourse.  
However, analysis of AME results indicated that with regard to Intern Identity (i.e., 
utterances in which students self-identified as an intern, staff member, or claimed 
ownership of professional items), the only move found to be significantly associated with 
such evidence was the APT-Conversational move Share Reasoning in Conversation 4.  In 
this singular instance, the probability that evidence of this outcome would be present in a 
student’s contribution had little practical effect (PPr=0.008), though still more than any 
other conversational move.  This suggests that it is more probable that students will 
express their identity as an intern in discourse in the context of providing reasoning or 
clarification about why s/he thinks or believes something, than students would via other 
types of syntactic contributions.  
Skills of Collaboration and Professionalism  
Finally, the remaining two types of epistemic outcomes that occurred with a 
moderate frequency in student contributions are those for the Skills of Collaboration and 
of Professionalism.  As indicated previously, these outcomes were evident in from ~1% 
to 6% of utterances in design meeting discourse.  As above, results of logistic regression 
suggested that APT moves had little predictive power with regard to evidence in these 
outcome.  The interpretation of AME results indicated that APT moves, with one 
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exception, had limited, practical effect in relation to these outcomes, as will be described 
below. 
Skill of Collaboration.  As found above for outcomes related to Identity, the 
effects of conversational moves predictive of collaborative skill is student discourse (i.e., 
indications in contributions that students are engaging in collaboration or participation in 
a team meeting) are small and the only significantly associated APT move was APT-C: 
Share Reasoning.  Specifically, in Conversation 2, the predicted probability of an 
utterance providing evidence of this outcome was 0.022 greater for utterances that shared 
students’ reasoning than for most other conversational moves, with the exception of the 
Administrative moves Pose and Action.  This suggests that it was more probable that 
evidence of students’ collaborative skills would be evident in student contributions that 
asked teammates about what they were supposed to be doing (i.e., what was required of 
them) or informed group members about what s/he, will, should, or had done with regard 
to the “technical” business of the activity/task.  In Conversation 3, however, APT-C: 
Share Reasoning was the strongest predictor of all conversational moves associated with 
this outcome.  Specifically, the average marginal effect of this move on the probability 
that the associated utterance would also include evidence of the skill of collaboration was 
0.083 (see Figure 4.13, below). 
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Figure 4.13.  AME results associated with evidence of Skill of Collaboration in 
Conversation 3. 
 
Skill of Professionalism.  Finally, analysis of AME results indicated that only two 
APT moves had a significant association with this outcome (i.e., utterances that convey 
that a student is using the company website, email, staff pages, etc. related to the 
internship).  Specifically, in Conversation 1, the APT-Facilitative move Press for 
Reasoning had an average marginal effective of 0.072 on the probability that the 
associated utterance would also include evidence of the Skill of Professionalism.  In 
Conversation 3, the predicted probability (PPr) of evidence of the Skill of Professionalism 
being present in a student contribution that was also coded as the APT-Conversational 
moves of Share Reasoning or Add More were 0.042 and 0.059, respectively.   However, 
overall, moves associated with non-APT categories of talk (i.e., Administrative, 
Declarative, Proposals, Eliciting) yielded stronger predicted probabilities, than did APT 
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moves, that evidence of this outcome would be present in student contributions in design 
meeting discourse. 
4.6.3   Effects of APT moves related to epistemic outcomes with high evidentiary 
occurrence in student contributions 
In the preceding section, I presented findings about the AME of APT moves in 
relation to epistemic outcomes that occurred moderately in Nephrotex design meeting 
discourse.  In this final section, I present an analysis of AME findings with regard to 
epistemic outcomes that occurred at relatively high levels in student discourse.  As 
presented above, such evidence is related to student contributions that included aspects of 
(1) Engineering Design (Epistemology, Knowledge, and Skill) and (2) device-specific 
technical Knowledge.   
Engineering Design 
 Evidence in discourse that included reference to the Epistemology, Knowledge 
and Skill of engineering design was found in 5% to 31% of student contributions during 
design team meetings.  The most prominent of these were related to evidence of design 
Knowledge, followed evidence of Skill and Epistemology.  Analysis of logistic regression 
results indicated that some APT moves predicted epistemic outcomes in discourse related 
to such outcomes, though varied by conversation.  As will be described below, AME 
results suggest that three APT-Facilitative moves – Restate, Revoice, and Challenge - 
have important, practical effects with regard to whether such evidence was found in 
student contributions. 
Knowledge of Design.  This outcome reflects evidence in students’ contributions 
that referred to aspects of the device, prototype, experiment, or filtration membrane.  In 
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Design Cycle 1, findings indicated that in Conversation 1, there were 19 conversational 
moves, representing all types of contributions (APT, Declarations, Eliciting, 
Administrative, and Proposals), significantly associated with evidence of engineering 
design Knowledge (see Figure 4.14, below).  Of these, 9 (47%) were APT moves which, 
overall, were stronger predictors than other types of moves.  In particular, the average 
marginal effects of using an APT-C: Share Reasoning (PPr=0.354) or an APT-F: 
Challenge (PPr=0.309) move on the probability that evidence of this outcome would be 
present in student contributions were among the strongest.  This suggests that even if they 
are not unique, APT moves seem to be important types of contributions that yield 
evidence of design knowledge, in this conversation.  In Conversation 1, teams discussed 
findings from their reviews of the literature and worked to rank and justify the 
importance of attributes they would use in the individual creation of devices for testing.  
It therefore makes that APT moves would play a more prominent role as students 
engaged in collaborative discourse to establish their rankings by, for instance, sharing 
their reasons, challenging one another’s ideas, clarifying and explaining their points, and 
summarizing the work and thinking of the group.  
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Figure 4.14.  AME results associated with evidence of Knowledge of Design in 
Conversations 1 & 2. 
 
Conversation 2 had fewer significant predictors (9) of this outcome, only two of 
which were APT moves (APT-C: Share Reasoning and APT-C: Explain), and each had 
weaker predicted probabilities than most other conversational moves.  In this 
conversation, the focus of the meeting was to determine which five (of twenty-five 
possible) devices the team would submit for testing.  Although I would have expected 
APT moves to play a more prominent role in this conversation, results suggest that it was 
more probable that evidence of students’ design knowledge would be evident in 
Administrative contributions (i.e., those that asked (Pose) or informed (State) teammates 
about what they were supposed to be doing) and in students’ Proposals about how the 
group should proceed with their task (Process) or a skills-based strategy related to 
completing their task (Approach). 
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The next set of findings pertains to the AME of conversational moves related to 
engineering design Knowledge in Design Cycle 2.  In Conversation 3, the only APT 
move found to be predictive of this outcome (of twelve moves) was APT-C: Share 
Reasoning (see Figure 4.15, below), among the weakest of the predictors in the 
regression model for this conversation.   This suggests that compared to other types of 
syntactic contributions, APT moves had little practical association with evidence of 
student’s design knowledge in this conversation.    
 
Figure 4.15.  AME results associated with evidence of Knowledge of Design in 
Conversations 3 & 4. 
 
In Conversation 4, however, APT moves accounted for 44% (4/9) of moves found to be 
significantly associated with the Knowledge of Design being evident in a student’s 
conversational contribution (found in 31% of contributions).  Of particular interest is that 
the strongest predicted probability of this outcome being present was 0.364 for utterances 
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that were characterized as APT-F: Restate (i.e., prompting a teammate to repeat 
something s/he, or the group, said or decided on).  This finding makes conceptual sense 
because in this conversation (teams’ final design meeting) students were tasked with 
coming to consensus about which single device to submit as their “final” device.  As 
such, efforts by students in groups to ensure clarity about decisions seem particularly 
salient.  Additionally, this finding suggests that it was more probable that students’ use of 
this conversational move, relative to others, would be seeking confirmation about what 
was said or decided with regard to aspects of engineering design knowledge.  Lastly, it is 
interesting to note that APT-C: Share Reasoning was a significant predictor of evidence 
of design knowledge being included in students’ contributions in all of the design 
meetings, though varied in effect size by conversation.   
Skill of Design27.  The average marginal effects of conversational moves 
significantly associated with this outcome (i.e., utterances that reflect the action of design 
development, prioritizing, tradeoffs, and making design decisions) in Conversations 1 
and 2 are displayed in Figure 4.16, below.  In Conversation 1, 50% (n=7) of the 
conversational moves predictive that student contributions included evidence for 
engineering design skill were APT moves.  Of these, the average marginal effects of 
APT-C: Explain, APT-F: Challenge, and APT-C: Share Reasoning on this outcome were 
among the predictors with the strongest effects (PPr=0.147, 0.157, and 0.186, 
respectively).   This finding suggests APT moves in discourse are an important type of 
syntactic contribution with regard to this particular outcome. 
                                                
27 Negative AME results are not displayed, none of which were APT moves. 
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Figure 4.16.  AME results associated with evidence of Skill of Design in Conversations 1 
& 2. 
 
Of the moves that were significant predictors of this outcome in Conversation 2, APT-C: 
Share Reasoning had one of the strongest practical effects - the predicted probability 
(PPr) that evidence of the design Skill would be present was 0.125 for contributions that 
were coded for this move, second in effect size to the use of the SUGGEST: Approach 
move (PPr=0.136). 
Fewer APT moves were found for conversations in Design Cycle 2.  As displayed 
in Figure 4.17, below, only one APT move (APT-C: Share Reasoning) in Conversation 3 
had a significant effect on the probability of evidence of design skill being present in 
students’ contributions (PPr=0.104), and was lower than most other moves in the logistic 
model.   However, three APT moves were found to have significant effects in 
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Conversation 4, the strongest of which was the APT-F move, Revoice (PPr=0.177), 
which is an utterance that reframed what someone else said, expressed, proposed, etc. in 
order to check/clarify understanding.  Similar to the use of APT-F: Restate in 
Conversation 4 for design Knowledge (above), this suggests the saliency of students 
seeking clarity about their group’s thinking with regard to how they are incorporating the 
skill of data use in their design thinking as they prepare their final device for submission.  
 
Figure 4.17.  AME results associated with evidence of Skill of Design in Conversations 3 
& 4. 
 
Epistemology of Design28.  Of the three epistemic domains related to engineering 
design, Epistemology (i.e., evidence in an utterance that indicated a justification of design 
decisions using design terms/references) had the fewest number of conversational moves 
                                                
28 Negative AME results not displayed, none of which were APT moves. 
!"!!!#!"!(!#
!"$!!#!"$(!#
!"%!!#!"%(!#
!"&!!#!"&(!#
!"'!!#
!"
#$
%&
'#
$(
!"
)*
+*
%,%
'-
(.!
!"
/(
0)12#"3+'%)1+,(4)2#(.0+'#5)"-64)2#/(
  
114 
predictive of evidence in student utterances in discourse, and none were found in 
Conversation 1 (see Figure 4.18, below).  As before, it is not surprising that the APT-C 
move, Share Reasoning, was associated with this outcome.  The average marginal effect 
of this move on the probability of evidence of engineering design Epistemology was 
0.121 in Conversation 2, 0.094 in Conversation 3, and 0.180 in Conversation 4.  Lastly, 
in Conversation 4, the highest predicted probability (of all associated moves) of design 
epistemology being present in contributions was 0.205 for utterances that were coded as 
APT-F: Restate.  This finding parallels what was found for this move, in this 
conversation, related to design Knowledge. 
 
Figure 4.18.  AME results associated with evidence of Epistemology of Design. 
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Device-specific Technical Knowledge 
Lastly, the remaining type of epistemic outcomes that occurred with a high 
frequency in student contributions are those related to device-specific Technical 
Knowledge (i.e., Attributes, CNT, Surfactant, Materials, Manufacturing).  As presented 
earlier in this chapter, such outcomes were evident in as few as 2%, and as high as 40%, 
of utterances in design meeting discourse. Analysis of logistic regression results indicated 
that: (1) anywhere from 2, to as many as 17, conversational moves were significant 
predictors in these models, depending on the outcome and the conversation; and (2) the 
number of APT moves in these models varied by conversation.  Of additional interest, is 
that of all of the epistemic outcomes in this study, conversational moves found to be 
significantly associated with technical knowledge outcomes had, on average, the highest 
predicted probabilities in my analysis.  In what follows, I present findings from my 
analysis of the average marginal effects of conversational moves associated with these 
epistemic outcomes. 
Brief summaries of findings about the AME of APT moves in relation to 
epistemic outcomes related to technical knowledge and presented below29. As will be 
shown, evidence indicates that the APT-Facilitative move, Revoice, and the APT-
Conversational move, Restate, had some of the strongest practical effects in many 
conversations with regard to whether evidence of technical knowledge was found in 
student contributions.  This finding suggests that these two moves, both of which 
                                                
29 In contrast to the figures presented in previous sections that included all conversational moves found to 
be significant predictors in regression models, the figures presented for this set of epistemic outcomes only 
include the AME of APT moves.  This is due to the number of conversational moves found in each model, 
which makes the figures difficult to read.  As previously indicated, a summary table to all AME findings 
can be found in Appendix H. 
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characterize utterances that reframe or summarize someone else said, expressed, 
proposed, etc. in order to check/clarify understanding, are important types of syntactic 
contributions in discourse that yield evidence of these outcomes.  This finding also makes 
practical sense because the use of such moves would help students to keep track of the 
vast amounts of information they need to understand the implications and details of their 
design decisions.   
Knowledge of Surfactant.  Of the conversational moves found to be significant 
predictors for evidence of surfactant knowledge in student contributions, APT moves 
accounted for 50% (4/8) in Conversation 1, 56% (9/16) in Conversation 2, 45% (5/11) in 
Conversation 3, and 33% (1/3) in Conversation 4.  Findings indicated a repeated 
presence, with strong predicted probabilities, of the APT-C: Restate and APT-F: Revoice 
moves related to this outcome in design meeting discourse (Figure 4.19, below). 
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Figure 4.19.  AME results associated with evidence of Knowledge of Surfactant (only 
APT moves displayed). 
 
Knowledge of CNT.  Findings indicated that APT moves were significant 
predictors of evidence of CNT knowledge in student contributions in Conversations 1, 2 
and 4 (Figure 4.20, below)30.  More specifically, APT moves accounted for 55% (6/11) 
and 56% (9/16) of all predictive moves in Conversations 1 and 2, respectively, and 1 of 
only 4 moves (25%) in Conversation 4.  In Conversation 2 in particular, the average 
marginal effects of APT-C: Share Reasoning, APT-F: Revoice, and APT-C: Restate on 
the probability that the associated utterances would also include evidence of CNT 
knowledge evidence were 0.229, 0.226, and 0.207, respectively (see Figure 4.20, below).  
                                                
30 No moves, of any type, were significant in Conversation 3. 
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The only move with a stronger effect size in this conversation was DECLARE: Present 
(0.238) (not displayed). 
 
Figure 4.20.  AME results associated with evidence of Knowledge of CNT (only APT 
moves displayed). 
 
Knowledge of Materials.  In Conversation 1, no APT moves were found to be 
significantly associated with evidence of Knowledge of Materials in student utterances.  
However, APT moves accounted for 40% (4/10) of conversational moves predictive of 
this outcome in Conversation 2.  In particular, the predicted probabilities of evidence of 
this outcome being present in student contributions were 0.105 for APT-C: Restate and 
0.098 for APT-F: Revoice, and were the strongest of the 10 predictive moves in this 
conversation.  Of additional interest is that the APT-C: Restate move was significantly 
associated with this outcome in Conversations 2, 3, and 4 (see Figure 4.21, below). 
!"!!!#!"!(!#
!"$!!#!"$(!#
!"%!!#!"%(!#
!"&!!#!"&(!#
!"
#$
%&
'#
$(
!"
)*
+*
%,%
'-
(.!
"/
(
0)12#"3+'%)1+,(4)2#(.0+'#5)"-64)2#/(
  
119 
 
Figure 4.21.  AME results associated with evidence of Knowledge of Materials (only 
APT moves displayed). 
 
Knowledge of Manufacturing.  Findings related to the association between APT 
moves and evidence of manufacturing knowledge are similar to those found for 
knowledge of materials.  Among APT moves, APT-C: Restate was among those with the 
strongest practical effects in Conversations 2, 3, and 4 (Figure 4.22, below).  
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Figure 4.22.  AME results associated with evidence of Knowledge of Manufacturing 
(only APT moves displayed). 
 
Conversation 2 had the most conversational moves predictive of this outcome and 50% 
(8/16) of them were APT moves.  Additionally, APT-F: Revoice and APT-C: Restate had 
the strongest predicted probabilities (PPr) of all moves in this conversation, with average 
marginal effects of 0.309 and 0.290, respectively, on the probability that evidence of 
manufacturing knowledge would be present in a student’s contribution.  APT moves 
accounted for 38% (3/8) of all conversational moves significantly associated with this 
outcome in Conversation 3, and 1 of 4 (25%) in Conversation 4.  No conversational 
moves of any type were found to be significant predictors of this outcome in 
Conversation 1.  
Knowledge of Attributes.  Overall, AME findings related to evidence of attribute 
knowledge in student contributions were the strongest in the sample.  Of the 
conversational moves found to be significant predictors of this outcome, APT moves 
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accounted for 53% (9/17) in Conversation 1.  In this conversation, the average marginal 
effect of APT-C: Restate on the probability of evidence of this outcome was 0.694, the 
strongest practical effect of all 17 predictors in this conversation.  Fifty-seven percent 
(4/7) of moves significantly associated with this outcome in Conversation 2 were APT 
moves, three of which had higher predicted probabilities than all other moves: APT-F: 
Challenge (PPr=0.20), APT-C: Add More (PPr=0.210), and APT-C: Share Reasoning 
(PPr=0.254).  
!
Figure 4.23.  AME results associated with evidence of Knowledge of Attributes (only 
APT moves displayed). 
 
APT moves accounted for 44% (4/9) of moves in Conversation 3, and two of them - 
APT-F: Challenge (PPr=0.372) and APT-C: Share Reasoning (PPr=0.335) - had the 
highest average marginal effects, after DECLARE: Present (PPr=0.464).  Lastly, 56% 
(6/11) of moves in Conversation 4 were APT moves.  With the exception of DECLARE: 
Present (PPr=0.440), they had stronger predicted probabilities than any other 
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conversational moves, ranging from 0.325 (APT-C: Restate) to 0.497 (APT-C: Share 
Reasoning). 
4.7 Summary of RQ1 Findings 
 
  In the previous sections of this chapter, I presented the results of my analysis 
which found that 11 of 14 (79%) APT moves (6 Facilitative; 5 Conversational) were 
associated with evidence of a variety of epistemic elements in at least one, and in many 
instances, multiple conversations, across the domains of Knowledge, Epistemology, 
Skills, Identity, and Values in student contributions in design team meeting discourse.  
The average marginal effects (i.e., practical effects) of these associations varied by move 
and conversation.  In some instances they had stronger, and in other instances weaker, 
practical effects in relation to other moves found to predict evidence of different 
epistemic outcomes in student utterances.  A synthesis of these findings reveals that 50% 
(7/14) APT moves can be described as having “unique” associations with epistemic 
outcomes (see Table 4.3, below), as determined by: (1) the strength of association relative 
to other conversational moves, if any, in logistic regression models; or (2) its recurrent 
association, in relation to other types of contributions, with a particular outcome in 
logistic regression models.    
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Table 4.3 
 
Summary of unique associative trends (cell values indicate which conversation(s)) 
 
 
APT-Facilitative (APT-F) APT-Conversational (APT-C) 
Epistemic Element/ 
Domain 
Re-voice Restate Challenge Share Reasoning Restate 
Add 
More Explain 
Design 
    
 
  Epistemology  4      
Knowledge 1 4 1 | 4     
Skill 1 | 4 4 1     
Client        
Epistemology   H1 | H2 H1 | H2  H1 H1 | H2 
Knowledge   1 | 3 1 | 2 | 3  1 | 3 1 | 3 
Values   H1 H1  H1 H1 
Consultant        
Epistemology    1 | 2 | 3 | 4    
Values    3 | 4    
Technical 
Knowledge 1 - 4    1 - 4   
 
  These associative trends can be summarized as follows.  First, in general, 
different “types” of epistemic outcomes were associated with the use of APT moves in 
student discourse, and varied depending on whether the moves were “conversational” or 
“facilitative” in nature.  In particular, the outcomes most uniquely associated with 
Conversational APT moves were those related to design constraints that students needed 
to consider in their task, namely those related to considerations of “the client” and “the 
consultant” (highlighted in green). These were also found to be the least common 
epistemic elements evident in student contributions in design team meeting discourse.  
The outcomes most uniquely associated with Facilitative APT moves were those related 
to aspects of engineering design, which were found to be among the most common 
epistemic elements evident in student contributions (highlighted in blue).  These 
differences in the associations between the type of outcome and the type of APT moves 
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suggest that they served different “functional” roles in discourse related to yielding 
evidence of different types of outcomes.  Second, there were trends in when these moves 
matter that varied by conversation and/or design cycle.  This suggests that the APT 
moves more uniquely associated with evidence of different epistemic outcomes in student 
contributions also served different functions at different stages of the design process. 
  My analysis found little evidence to support a claim that APT moves had a unique 
association, if any, with epistemic evidence that occurred in moderate amounts in student 
discourse, namely outcomes associated with Data Analysis (Epistemology, Knowledge, 
Skill), Identity (as Intern, as Engineer), the Skill of Collaboration, or the Skill of 
Professionalism.  In other words, conversational contributions that were characterized as 
Declaration, Eliciting, Proposal, and Administrative moves were all better predictors, 
overall, of these types of epistemic outcomes.  This does not suggest that collaborative 
conversation moves  (i.e., APT moves) were ineffective at yielding such evidence, but 
that other types of moves were more prominently and/or consistently effective at doing 
so.    
4.8 Discussion  
 
  In this section I present a discussion of my findings for research question one.   A 
broad, synthetic summary discussion of findings, and threats to validity, will be presented 
in the final chapter of this dissertation. 
  This part of my study used chat-log (i.e., utterance) data from four, 30-40 minute 
long design team meeting conversations held by 110 unique student groups to empirically 
test my hypothesis for research question one.  I hypothesized that there would be unique 
patterns of epistemic frame elements associated with different Academically Productive 
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Talk (APT) conversational moves in design team meeting discourse in the Nephrotex 
virtual internship.  To test this hypothesis, I regressed each of the 20 possible epistemic 
outcome variables (i.e., semantic evidence of epistemic elements) that could be present in 
a contribution on the predictor variables drawn from the coding of discourse that 
characterized the syntactic contributions (i.e., conversational moves) found in design 
meeting discourse.  I then calculated and presented the average marginal effects (i.e., 
practical effects) of all moves (predictors) found to be significantly associated with each 
of the epistemic elements (outcomes). I expected to find evidence that collaborative 
conversational moves (i.e., APT moves) would be found in my analysis of student 
discourse because Nephrotex is an “intentional” CSCL environment designed, in part, to 
mediate, support and facilitate group interaction wherein students learn and build 
knowledge collaboratively (Stahl, 2006) in order to design a medical device that met a 
series of pre-determined constraints. 
  My analysis found that APT moves characterized 41% (n=6109) of all student 
design team meeting utterances (N=15068).  Broadly speaking, the fact that such a high 
proportion of student contributions in Nephrotex reflected characteristics of APT in an 
environment where students were not explicitly required to use them (i.e., non-scripted) 
reflects how the use of APT in discourse effectively supports reasoned participation and 
fosters effective discourse (Michaels et al., 2008; Adamson et al. 2013; Resnick et al. 
1993, 2013).  Furthermore, the prominent and endogenous use of APT moves affirms that 
the design of the simulation is well-structured in terms of requiring collaborative 
communication and active learning, at least in part, to be successful (Blumenfeld et al., 
1996; Rahman et al., 2010; Mercer, 1996; Soller et al., 1998).  In other words, students’ 
  
126 
frequent use of APT-style contributions in discourse points to the fact that the simulation 
was specifically designed to foster and engender collaborative interaction through 
discourse. 
  Such a high use of APT in design team meetings can also be interpreted in light of 
the types of cognitive and social skills detailed in the literature that are integral to 
collaborative problem solving  (c.f., Griffin at al., 2012; O’Neill et al., 2003; OECD, 
2013).  For instance, my analysis suggests that the use of APT was an indication that 
students were demonstrating an ability to enact important skills such as participation and 
cooperation (i.e., contributing knowledge to the group), task regulation (i.e., 
understanding the information and resources needed to complete the task), knowledge 
building (i.e., contributing information and skill-based knowledge), social regulation (i.e., 
negotiating misunderstandings and conflicts of ideas), and perspective taking (i.e., 
considering the ideas put forth by others). 
  More specifically, the strong or recurrent associations found in my analysis for 
specific types of APT contributions points to how students were engaged in discourse 
that reflected their ability to integrate information (i.e., Revoice, Restate), use judgment 
(i.e., Share Reasoning, Explain, Challenge), identify alternatives (i.e., Challenge), and 
evaluate consequences (i.e., Add More, Explain).  Furthermore, the use of facilitative 
APT moves, in particular, reflect how students in Nephrotex were also able to exercise 
leadership (i.e., coordinating activities and of the team), employ interpersonal skills (i.e., 
improving quality of interaction), and communicate effectively (i.e., clarifying other’s 
ideas) in the service of work on their design problem.  Future design- or intervention-
based research could examine these relationships in more detail to determine whether 
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APT could be used to formatively assess a student’s ability to demonstrate such criteria 
and/or as a measure of group collaborative process and interaction in a simulation-based 
environment, such as Nephrotex. 
 Another valuable contribution of this study is empirical evidence that there was a 
relationship between some aspects of!how!students talk (i.e., the syntactic function of 
contributions) and!what!they talk about (i.e., the semantic nature of those contributions) 
with regard to APT.  More specifically, my analysis finds that certain APT moves were 
more likely than other types of conversational moves to yield evidence associated with 
particular epistemic elements in student contributions.   These findings are consistent 
with prior research that has established that different types of conversational 
contributions (i.e., speech acts) play different functional roles in discourse (Wilson and 
Hartung, 2015), as well as with findings reported by Hartung and Wilson (in press) that 
unique patterns of association between conversational moves and specified outcomes can 
be identified. 
In what follows, I discuss these findings that point to how some APT moves are 
uniquely associated with evidence of different epistemic outcomes in conversational 
contributions, and that some of these associations vary by the phase of the design process 
and by the type of APT move (i.e., Facilitative or Conversational).  That is, particular 
APT moves appear to “matter,” and at different phases of the design process, with regard 
to yielding different types of epistemic evidence in student discourse.   
Which, and when, APT moves matter 
Two broad patterns were found in my analysis.  First, three Facilitative APT 
moves (which were used in relatively low frequencies) were found to be recurrently 
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associated with epistemic outcomes related to engineering design (which were present in 
relatively high frequencies) at the onset and at the culmination of students’ collaborative 
work.  One explanation for this pattern of association is that these types of moves played 
a functional/practical role in group discourse when the prompting and/or challenging of 
other students served to ensure that the group was clear about their understanding and 
application of engineering design principles.  Future design-based research could 
test whether such associations would be more prominent overall, or occur in more design 
meetings, if students were prompted to use such facilitative moves in their discourse.   
Secondly, and conversely, three Conversational APT moves (which were used in 
relatively high frequencies) were found to be prominently associated with epistemic 
outcomes related to the consultant and the client (which were present in relatively low 
frequencies), primarily when new groups met for the first time.  The fact that these moves 
were more effective than any other types of moves at including these outcomes, at these 
design phases, makes conceptual sense because students were working to understand 
what they have individually researched (in the case of Conversation 1) and what their 
prior groups have experimented with in their designs (in the case of Conversation 3).  As 
such, the nature of these moves appears to have served the functional role of introducing 
ideas that “belonged” to the individual into group discourse.  In what follows, I discuss 
the unique associations of these conversational moves with their respective epistemic 
outcomes in greater detail. 
Inclusion of the "the client" 
The results of my analysis show that, in student discourse in Nephrotex, the use of 
three APT-Conversational moves (Share Reasoning, Add More, Explain) and one APT-
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Facilitative move (Challenge) were consistently and positively associated with students' 
demonstration of a key outcome criteria outlined by ABET (2011).  Specifically, students 
should demonstrate an ability to engage in a design process that considers design 
constraints in relation to the health and safety of the end user of the product (i.e., the 
Client).  Said another way, the inclusion of "the client" in the course of a group’s design 
meeting discourse in Nephrotex was enhanced when students made conversational 
contributions that provided a justification or rationale for a claim, built upon the ideas of 
others, explained why an idea under consideration was right or wrong, and/or challenged 
an idea or conclusion put forth by a teammate.  
The strongest predicted probabilities of these APT moves on client-related 
evidence in student contributions were found for evidence of client knowledge in 
Conversation 1 (PPr range:  0.22 - 0.39).  In comparison, the predicted probabilities of 
these same APT moves were rather low for client-related evidence in the domains of 
Epistemology, Values, and after Conversation 1, Knowledge (PPR range: 0.01 - 
0.06).  One explanation for the discrepancy in the magnitude of these practical effects is 
that, in Conversation 1, evidence of Client Knowledge as a proportion of all utterances 
(6.7%) was roughly four times that of Client Values (1.6%) and over twice that of Client 
Epistemology (3.1%).  Simply put, students talked about their knowledge of the client’s 
health and safety in this conversation more than they did about the value of that 
knowledge, or about how that knowledge should be used to justify their design 
decisions.  As a result, stronger effects were detected in the logistic model for this 
outcome, in this conversation.   
However, even with such low practical effects with regard to these outcomes 
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overall, the fact that APT moves were the only, or most prominent, types 
of conversational moves associated with evidence of the client in student contributions 
points to the value of their use as strategic syntactic contributions in the course of 
collaborative conversations as students worked to complete their task in the 
simulation.  That is, these APT moves are more effective types of conversational 
contributions, when compared with other types (i.e., Declarations, Eliciting, Proposals, 
Administrative), for yielding evidence of epistemic evidence related to the client.  
My analysis also shows that when these moves matter in student discourse varies 
by the type of client-related outcome (i.e., Values, Knowledge, Epistemology).  First, the 
association between the APT moves discussed above and evidence of Values of Client in 
student contributions was only consistently found in the first design cycle (Conversations 
1 & 2).  This suggests that the use of these APT moves was more salient in the initial 
phases of the internship experience, and less so in the latter, with regard to yielding 
evidence that students valued the health and well-being of the client.  One explanation for 
this is that this trend reflects the early efforts of groups to make meaning of the variety of 
constraints they were individually tasked with considering prior to their group’s 
convening.  Another explanation is that, once groups discussed these values with regard 
to their initial thoughts about device prototypes, it is possible that they were carried over 
to their design cycle two groups already embedded in the prototypes their new groups 
were tasked to consider.  Relatedly, as the focus of group discourse shifted to more 
contributions related to engineering design and data analysis, both of which steadily 
increased in frequency of occurrence over the course of the internship, evidence of client 
values diminished as well. 
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Second, with regard to evidence of client knowledge in student contributions, 
APT moves appeared to matter most in Conversations 1 & 3.  This is an interesting 
pattern that suggests that the use of these APT moves were particularly important at the 
onset of students’ work in each of their two groups.  This finding makes sense because in 
the initial conversations of each design cycle of the simulation, students needed to share 
and synthesize the work they had done prior to meeting for the first time.  In 
Conversation 1, this is reflected in how groups spent time working through and 
organizing the research and thinking done individually by students prior to their first 
design meeting.  Similarly, in Conversation 3, groups had to spend time organizing the 
unique research, data and thinking conducted in each student’s prior group. What this 
means is that these types of collaborative, conversational contributions supported groups 
as they engaged in the work of sorting out what they know and/or need to know with 
regard to the client in relation to making decisions about their initial prototypes to submit 
for testing in each of the two phases of the internship (i.e., Design Cycle 1 & Design 
Cycle 2). 
Lastly, that fact that consistent associations between APT moves and evidence of 
client epistemology were found overall in both design cycles indicates that these moves 
were effective at facilitating the inclusion of the client in the justification of design 
decisions from the onset to the culmination of their collaborative group work. 
Inclusion of “the consultant" 
The results of my analysis show that the use of the APT-Conversational move, 
Share Reasoning, in student discourse in Nephrotex design meetings was consistently and 
positively associated with evidence that students were accounting for the needs and 
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constraints imposed on their design process, another student outcome outlined in ABET 
(2011) criteria.  In the Nephrotex simulation, this is represented by the constraints put 
forth by the internal project consultants that students were expected to consider in the 
design of their device.   Said another way, the inclusion of "the consultant” in a group's 
design meeting discourse in Nephrotex was facilitated when students made 
conversational contributions that provided reasoning or justification for why one thinks, 
believes, says, or claims something. 
Evidence of consultant-based outcomes in student contributions related to 
epistemology and values was relatively low (< 2%) as a proportion of all types of 
epistemic evidence found in design meeting discourse contributions.  Given the relative 
infrequency of such evidence, the low predicted probabilities (i.e., all <0.05) found for 
this APT move make sense given the limited amount of observations in the regression 
models.  However, in the absence of a greater variety of conversational moves or 
stronger practical effects, the fact that these moves were consistently associated with 
these outcomes means that they served an important functional role in student discourse. 
The Share Reasoning move was found to have a practical, albeit small, effect (PPr 
range: 0.01 - 0.04) with regard to predicting that evidence of epistemology of the 
consultant would be evident in student contributions in all of the conversations.  On the 
one hand, it makes conceptual sense that this move would be significantly associated with 
semantic evidence of the justification of design decisions with regard to the consultant’s 
needs (i.e., Epistemology).  On the other hand, the fact that this move was not found to be 
more uniquely associated with the epistemology of design or data, for instance, suggests 
that although other types of conversational contributions may yield such evidence with 
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regard to these outcomes, the use of this move is particularly salient for the inclusion of 
the Consultant in design meeting discourse. 
Interestingly, the probability of evidence of valuing the constraints imposed by 
the consultants being present in a student’s contribution when this move was used in 
discourse was most prominent in the second design cycle (i.e., Conversations 3 & 4).  It 
is important to note that my analysis showed that it is not that other types of moves were 
better predictors of such evidence being present in a student’s contributions in the first 
design cycle, but that no moves were found to be associated at all.  This means that using 
the Share Reasoning move in Design Cycle 2 appears to matter as it relates to 
incorporating evidence of valuing the consultant’s interests.  Said another way, students’ 
use of the Share Reasoning move in discourse not only was used to justify their design 
decisions (i.e., Epistemology) in a way that reflected their valuing the consultant’s 
interests, but also that the value of these interests were also used more generally when 
presenting a rationale for a claim. 
Inclusion of “engineering design” 
Evidence of design-related epistemic outcomes in student contributions were 
among the highest as a proportion of all types of epistemic evidence found in design 
meeting discourse.  Design knowledge, in particular, steadily increased from 17% in 
Conversation 1 to 31% in Conversation 4.  As presented above, a variety of 
conversational moves were associated with these outcomes, and in many instances were 
found to have stronger practical effects on design-related outcomes.  However, the results 
of my analysis indicate that three APT-Facilitative moves (Revoice, Restate, Challenge) 
were commonly found to be among those moves associated with students’ inclusion of 
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evidence of epistemic elements related to engineering design in the domains of 
epistemology, knowledge, and skill.  These elements codify two criteria outlined by 
ABET (2011) as central STEM learning outcomes, namely, student’s ability to “... apply 
knowledge of mathematics, science, and engineering,” and to “use the techniques, skills, 
and modern engineering tools necessary for engineering practice.”  Said another way, 
indications of student’s knowledge and application of engineering design principles in the 
course of design meeting discourse in Nephrotex was, in part, enhanced when students 
made facilitative contributions that prompted other students to repeat or clarify what 
someone else has said or that the group decided, and/or that challenged an idea or 
conclusion put forth by a teammate. 
Given the relative overall infrequency of the Revoice (0.5%), Restate (0.4%), and 
Challenge (2%) moves in student discourse in relation to other types of moves, this is a 
particularly interesting finding.  As will be discussed in what follows, the fact that these 
moves were commonly associated with these outcomes suggests that they served an 
important functional role in student discourse at specific phases of the simulation 
experience.  In particular, my analysis shows that the associations between the 
aforementioned facilitative moves and design-related outcomes are most prominent in the 
first and/or last design meetings (i.e., Conversations 1 & 4).  This indicates that the use of 
these APT moves, along with other types of moves, supported students discourse about 
engineering design in the: (1) initial phase of their work, when as a team, they were 
tasked with designing a set of device prototypes for testing; and the (2) final phase of 
their design process when teams worked to refine their final device for submission.  
 For instance, the practical effects of the facilitative move, Revoice, ranged from 
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0.16 to 0.19.  This means that when students reframed what someone else said to clarify 
their understanding, and in particular at the onset of their collaborative work as a team, 
doing so supported student efforts to make meaning of what the group understood about 
the knowledge and application of engineering design principles.  This finding is 
important given how infrequent this move was in student discourse in Conversations 1 
and 4 (0.6% and 0.8%, respectively), as a proportion of all types of contributions.  This 
means that even though this move was rarely used by students, when it was, it had 
important effects related to yielding evidence of engineering Design Knowledge and Skill 
in these conversations. 
 Analysis also showed that the facilitative move, Restate, had practical effects in 
Conversation 4 ranging from 0.14 – 0.36, and was associated with all three design-related 
epistemic outcomes (Epistemology, Knowledge, Skill).   The fact that this move was 
found to be associated with outcomes in all three of these epistemic domains in the last 
team meeting shows that prompting a teammate to repeat something that someone else, or 
the group decided on, was an effective strategy for ensuring that the group’s thinking 
about their final design decision was aligned.  As before, this finding is particularly 
salient given how infrequent this move was in student discourse in this conversation 
(0.6%), as a proportion of all types of contributions.  Said another way, even though the 
facilitative move, Restate, was rarely used, when it was it had an important effect related 
to yielding evidence of what students know about engineering design (Knowledge), how 
they should apply that knowledge in practice (Skill), and how they were using that 
knowledge to justify their decisions (Epistemology), in their final design meeting.  
The last facilitative move found in my analysis to be commonly associated with 
  
136 
evidence of design-related outcomes (Knowledge and Skill) in student contributions was 
Challenge.  The practical effects of a student expressing a different conclusion or 
understanding of other’s ideas and thinking about their knowledge and/or application of 
engineering design ranged from 0.11 to 0.31.  This move was found to be associated with 
such outcomes in the first and last design meetings of the simulation.  This suggests that 
there is a relationship between the stage of the design process and the functional role this 
facilitative move played in student discourse.   
In particular, using the Challenge move in the first design meeting points to how 
students indicated to others that the research they conducted (individually), prior to 
meeting as a team for the first time, led them to draw different conclusions about what 
knowledge and skills were most important to consider in their first pass at designing 
device prototypes.  At this early stage in groups’ work, these clarifications are important 
and support the development of a group-level understanding from which to make 
subsequent decisions.  Similarly, students’ use of this move in the final design meeting 
indicates that it played an important role to ensure that students’ knowledge of 
engineering design was accurately reflected in the final device they submitted for testing 
and evaluation.  Although this move was more commonly used in discourse than Revoice 
and Restate in Conversations 1 and 4, it was still relatively infrequent overall (3%), as a 
proportion of all types of contributions.  This means that even though this move was not 
used often, when it was it played an important role in yielding evidence that students 
were incorporating their knowledge of engineering design and how to apply it (i.e., Skill) 
in their design team meetings. 
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Inclusion of “technical knowledge” 
     My analysis found that almost all APT moves were associated with at least one 
outcome related to Technical Knowledge (i.e., Attributes, Manufacturing, CNT, 
Surfactant, Materials) in at least one conversation, and in many instances, were found to 
be associated with multiple outcomes in multiple conversations.  That being said, 
syntactic contributions of all types were found to be associated with these outcomes 
across all of the design team meetings in Nephrotex.  This means that, overall, APT 
moves were not more or less effective than other types of conversational moves as a 
means of introducing or including evidence of Technical Knowledge into their design 
meeting discourse. 
However, my analysis did reveal a pattern concerning the consistent association 
of two APT moves with evidence of technical knowledge in student contributions, 
namely the Facilitative move, Revoice, and the Conversational move, Restate.  The 
predicted probabilities that these APT moves would yield evidence related to technical 
knowledge ranged from 0.08 - 0.40 for Revoice, and from 0.05 - 0.70 for Restate.  
Although the size of their practical effects varied widely, the variation was consistent in 
relation to conversation and outcome. 
 This is an interesting finding because, although both of these moves describe a 
student contribution that directly accounts for what someone else in the group has said, 
expressed, proposed, etc., the intention of each move is different.  For instance, the 
Conversational move, Restate, characterizes an unprompted contribution in discourse that 
summarizes what someone else has said.  In contrast, the Facilitative move, Revoice, is a 
contribution that reframes what someone else has said in an effort to clarity, or check for, 
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understanding.  Therefore, this move is facilitative in the sense that it is a prompt for 
someone else in the group to respond.  The fact that these characteristically different 
moves were both found to be consistently associated with evidence of technical 
knowledge in student contributions throughout the simulation suggests that efforts by 
students to “take stock” of what the group is talking about was one strategic way for 
students to ensure clarity about their device specifications as they worked to keep track of 
the vast amounts of information, details, and fine-grain specifications they needed to 
account for in the design of their devices.  In other words, regardless of whether a student 
was seeking clarity about, or merely summarizing, what the group had discussed, the use 
of these moves supported the inclusions of technical knowledge in discourse in all design 
team meetings. 
Summary 
 
As discussed above, my analysis is generally consistent with the literature 
reporting how different types of conversational contributions serve different functional 
roles in discourse and that unique patterns of association between conversational moves 
and specified outcomes can be identified (Wilson and Hartung, 2015; Hartung and 
Wilson, in press).  My findings also expand upon this literature. 
Specifically, whereas Hartung and Wilson (in press) report fairly discrete 
associations between particular conversational moves and different types of outcomes in 
their study, my analysis found that the associations between particular APT moves and 
evidence of epistemic outcomes in student conversations were associated with a variety 
of epistemic domains.  In particular, the uniqueness of the associative patterns found in 
my study were, overall, between the type of APT move (i.e., Facilitative or 
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Conversational) and the type of epistemic element (i.e., engineering design, consultant, 
client, technical knowledge).  This implies that the use of collaborative conversational 
moves, as codified by APT, is not related to evidence of discrete outcomes (e.g., 
conceptual learning/higher cognitive complexity), but rather such moves are effective at 
yielding evidence across a range of outcome types and levels of cognitive complexity. 
As such, this study extends findings by Hartung and Wilson (in press) with regard 
to context and setting. Specifically, their study was based on self-reported learnings from 
informal learning conversations where there were no specified outcomes that participants 
were tasked with producing, nor was there a problem to be “solved.”  In contrast, this 
study considered a less biased measure (i.e., evidence of epistemic elements in student 
utterance data) to examine associations between conversational moves and outcomes in a 
simulated environment where participants were engaged in a specified task to solve a 
design problem.  Said another way, in the context of an environment that provides a 
situated learning experience, conversational contributions were associated to more 
nuanced types of evidence, a finding that sheds light on the relationship between how 
people talk and what they talk about in such an environment. 
It is also important to note that the findings reported and discussed above should 
be interpreted with a degree of caution because my analytical strategy for this research 
question adopted an exploratory mode of research.  In particular, it set out to investigate a 
number of possible relationships, rather than a small set of more specific hypotheses, 
using a dataset that integrated semantic and syntactic features of discourse.  This is an 
approach that, to my knowledge, has not yet been utilized in studies of student discourse 
in simulations.  Because of this, my analysis includes a large number of non-independent 
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statistical tests that may have resulted in Type I errors, returning false positives on the 
relationships identified.  Therefore, the findings reported here, and what they suggest, 
provide a starting point for future investigations that should: (1) test more specific 
hypothesis about the relationships between a targeted subset of APT moves, and when 
and how they may matter for supporting more robust and integrated epistemic discourse; 
and/or (2) incorporate methods for multiple testing correction in their design to account 
for multiple comparisons.  Further implications for practice and future research are 
addressed in the following section. 
4.9 Implications 
 
As previously noted, the use of APT in practice and research is most commonly 
done in a scripted context (i.e., students and/or facilitators are tasked with using the APT 
framework in a CSCL environment).  Therefore, these findings contribute to and expand 
the extant literature on the use of APT in CSCL environments by considering its effects 
in a simulation-based game environment, and suggest a number of implications for 
practice and avenues for future research to pursue. 
One implication for practice implied by my findings is that students could learn 
how to strategically use APT in their discourse as a way to improve the overall 
collaborative nature of their discourse.  This learning could occur prior to, or be 
embedded in, the simulation experience.  A few examples related specifically to my 
findings could look like the following.  A student on each design team could be expected 
to take on the role of facilitator in key moments to ensure that groups are integrating 
important design elements in their collaborative conversations by, for instance, prompting 
others to revoice or restate what has already been discussed, and even to challenge the 
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ideas of others more about the design process the team is engaged in or how they are 
employing that process in practice.  Students could also be prompted and/or encouraged 
to add to and/or explain the ideas put forth by others to support the better integration, and 
ultimately increase the frequency of inclusion, of design constraints related to the client 
and consultant in their discourse.  Additionally, students could be prompted to step back 
from their process from time to time, whether prompting others to do so or doing so 
oneself, to ensure that all the device specifications under consideration are well 
accounted for and clear to all members of the group. 
 A second implication has to do with mentor scripts, whether automated or in real-
time, that could prompt students to use APT-style moves in discourse in the simulation.  
Simulation designers could consider the findings from this analysis as they further 
develop and refine the mentor scripts used in the game environment to include the 
explicit introduction of APT-style facilitation moves and/or ways of encouraging students 
to use such moves.  Future research, using a controlled intervention study, could test 
whether the intentional use of APT scripts in the simulation would yield more and/or 
different evidence of epistemic outcomes in student discourse, which in turn, may result 
in a change in how a student’s or a group’s epistemic frame is modeled using Epistemic 
Network Analysis. 
A third implication has to do with the coding of epistemic discourse.  Although 
this study was not directly concerned with the associations of non-APT types of moves 
(i.e., Declarations, Eliciting, Proposals, Administrative), a review of my results from 
regression analysis and AME suggests that certain types of syntactic contributions are 
strongly associated with epistemic outcomes, in sometimes surprising ways.  The nature 
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of these contributions raises interesting questions about how a student’s, or a group’s, 
epistemic frame is modeled using ENA.  Future research could be conducted where the 
epistemic coding scheme (i.e., semantic coding) is paired with conversational move 
coding (i.e., syntactic coding) to allow for the disaggregation of epistemic evidence in 
utterances by different types of syntactic contributions. 
For example, my analysis found very high average marginal effects for 
Administrative moves (i.e., Pose, State, Action) in the first design cycle for evidence in 
utterance data related to engineering design.  Such contributions could be construed as 
reflecting efforts by “the student” who is participating in the simulation to figure out their 
“task” (i.e., what they are supposed to do), rather than a substantive contribution by the 
"student-as-intern” immersed in the simulated engineering design process. Therefore, 
future research, using a paired coding approach, could test whether these, and similar, 
findings make a significant difference in the types of epistemic networks that groups 
and/or players develop over the course of the simulation (as would be tested using ENA).  
If so, the epistemic discourse coding scheme could be modified to account for different 
types of syntactic contributions if distinguishing between “the student” and the “student-
as-intern,” for example, were of interest to simulation designers with regard to 
representing the development of a student’s or a group’s epistemic frame. 
Finally, additional research in the same vein could explore whether accounting for 
both the semantic and the syntactic aspects of discourse could lend support to in-game 
mentors (or automated mentors) for the real-time identification of differences in groups’ 
discourse that would trigger the activation of particular mentor scripts, re-directions, 
and/or interventions that could support the improvement of student’s collaborative 
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interaction and, ultimately, outcomes.!
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Chapter 5 
Research Question Two (RQ2) 
Are there differences in the connections among different epistemic frame elements 
that groups make in their discourse with respect to Academically Productive Talk (APT)? 
What, if any, group-level characteristics are associated with these differences? 
5.1 Chapter Overview 
 
 As described in Chapter 3, to answer RQ2 I conducted ENA to test for differences 
in the richness, density, and location of connections made to epistemic frame elements in 
groups’ design meeting discourse in relation to their use of APT (drawn from the 
qualitative coding of discourse that characterized such types of syntactic contributions).  
As will be presented in what follows, findings from my analysis indicate that there were 
differences in the frequency and types of connections made during design meeting 
discourse among groups that used varying degrees of APT.  No differences were found in 
the first design cycle (Conversation 1 & Conversation 2) of the internship. Such 
differences were only found in the second design cycle of the Nephrotex internship 
(Conversation 3 & Conversation 4), and the findings differed by conversation.  
Additionally, findings from these two conversations suggest that the group-level 
characteristics of experience level (i.e., novice or advanced), gender-balance, and 
contribution equality were associated with APT use in design meeting discourse, and 
varied by conversation as well.     
 In particular, the results of my analysis suggest that groups that used more APT in 
their discourse in Design Cycle 2 conversations, as a proportion of all types of 
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conversational contributions, were better able to focus on a number of critical, domain-
specific (i.e., epistemic) connections that needed to be made in their discussions as they 
collaborated on the completion of their task.  More specifically, these critical connections 
resulted in a better integration of the consultant (i.e., his/her needs, interest, and 
expectations) and data analysis (i.e., knowledge, skill, and epistemology) into students’ 
design thinking in Conversation 3, and a better integration of the client (i.e., the patient’s 
wellbeing, health, comfort and/or safety) into students’ design thinking in Conversation 
4.   The differences in the findings for Conversations 3 and 4 suggest that the relationship 
between the use of APT and the types of epistemic connections made in discourse are 
context specific, and related to the different foci in the conversations (i.e., organizing as a 
new group to identify viable models for testing in Conversation 3; converging on final 
device proposals in Conversation 4). 
5.2 Organization of Chapter 
 
The remainder of this chapter is organized as follows.  First, in order to provide 
context for the reporting of my results, I provide an orientation to how ENA results were 
interpreted in the context of my study.  Following this, because each conversation was 
examined separately in my analysis, I present the unique results for each Nephrotex 
design meeting conversation where significant differences were found regarding the 
effects of APT in separate sub-sections, beginning with those found in Conversation 3, 
and followed by those found in Conversation 4.   In the context of each conversation, I 
first present a brief overview of the group’s focal task (i.e., expected outcome) in their 
design meeting, along with a summary of the distribution of conversational moves (i.e., 
syntactic contributions) found in that meeting’s conversation.  Next, I present the results 
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of ENA, which includes a summary of statistical tests and the display of epistemic 
network models that highlight the differences in the frequency and types of connections 
made comparing groups with differing levels of APT use in their discourse.  Following 
this, I present qualitative evidence of the ENA results as they are reflected in 
representative samples of student discourse in the Nephrotex internship.  These samples 
highlight the relationship between the syntactic use of APT by group members and the 
associated semantic evidence of epistemic elements, if any, in such contributions in group 
discourse.  Next, I present ENA results pertaining to group-level characteristics 
associated with APT use.   Each sub-section concludes with a brief summary of findings 
for that conversation.  This chapter concludes with a discussion of findings from my 
analysis of data related to research question two, as well as implications for practice and 
future research. 
5.3 Orientation to ENA results reporting 
 
A plot of the focal equiload nodes for this analysis is presented in Figure 5.1 
(below)31.  In the analysis of design meeting discourse in Nephrotex that follows, groups 
that made more connections, relatively, with the skill of engineering design in their 
discourse loaded positively (> 0.2) on ENA dimensions 1 (Client/Design Skill) or 2 
(Consultant & Data Analysis/Design Skill) (the x and y axis, respectively).  Likewise 
                                                
31 ENA equiload nodes, such as those presented in Figure 5.1, are used to interpret ENA dimensions in a 
way that is analogous to the way a PCA loadings plot is used to interpret PCA dimensions.  For ENA, the 
use of the equiload nodes has advantages over the loadings for interpreting ENA dimensions because the 
number of ENA loadings is large (i.e., ‘N choose 2,’ where N is the number of variables) compared to one 
loading/variable in PCA (Wesley Collier, Research Assistant with Epistemic Games Group, personal 
communication, September 18, 2015). 
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these groups made relatively fewer connections, on average, with other elements (e.g., 
knowledge of data; values of the consultant; knowledge of engineering design, etc.).  
Groups that loaded negatively (< -0.2) on ENA dimension 1 (negative on the x axis) 
made relatively more connections, on average, with the knowledge of engineering design 
and the “the client” (i.e., the values, knowledge, and epistemology of the client), and 
relatively fewer connections, on average, with engineering design skill and other 
epistemic elements.  Finally, groups that loaded negatively (< -0.1) on ENA dimension 2 
(negative on the y axis) made relatively more connections, on average, with engineering 
design knowledge, “data analysis” (i.e., the skill, knowledge, and epistemology of data), 
and “the consultant” (i.e., the values and epistemology of the consultant).  ENA 
dimension 1 accounts for 29% of the variance in the data.  The second dimension (ENA2, 
y-axis) accounts for 18% of the variance in the data (47% total variance).  Each group’s 
scores for epistemic discourse from each conversation, and in each design cycle, were 
multiplied by the loadings for ENA1 and ENA2 and used by the ENA tool to generate 
network models for analysis.   
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Figure 5.1.  Plot of equiload nodes for ENA Dimension 1 and ENA Dimension 2. 
 
5.4 Analysis of findings for Conversations 1 and 2 
5.4.1 Context/Orientation 
 
The conversations in Design Cycle 1 are those in which student interns met with 
members of their first design team groups in the Nephrotex virtual internship.  In their 
first design team meeting (i.e., Conversation 1), interns shared and discussed the findings 
from their individual reviews of the literature.  Following this, they worked together to 
rank and justify five device attributes that they would all use to create five prototype 
devices, individually.  In Conversation 2, design teams re-convened to share these 
  
149 
devices, and then as a team, determine the five best devices they would submit for 
performance testing.  The median distribution of groups’ (N=55) use of each 
conversational move type in Conversations 1 and 2 are presented below (Figures 5.2 and 
5.3, respectively). 
These graphs highlight that APT moves characterized almost 50% of all of 
conversational contributions (i.e., utterances) in Design Cycle 1 conversations (48% in 
Conversation 1; 44% in Conversation 2).   Additionally, although representing a small 
proportion of APT moves, the median proportion of APT-Facilitative moves in 
Conversation 1 was almost twice that found in Conversation 2 (9% vs. 5%).  Finally, 
while Declaration moves accounted for a similar proportion of utterances in 
Conversations 1 and 2 (21% and 17%, respectively), their median distribution in 
Conversation 1 (Figure 5.2) was twice that of Proposal (10%), Eliciting (10%), and 
Administrative (9%) moves. 
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Figure 5.2.  Median proportional distribution of conversational moves, by category, in 
design team meeting discourse in Conversation 1 (N=4048). 
 
 
Figure 5.3.  Median proportional distribution of conversational moves, by category, in 
design team meeting discourse in Conversation 2 (N=4620). 
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5.4.2 ENA Results for Design Cycle 1 Conversations (1 & 2) 
 
ENA results did not indicate any significant differences in the frequency or types 
of connections made in Conversations 1 or 2 when comparing groups that used differing 
degrees of APT in their design team meeting discourse.   This suggests that regardless of 
APT use in group discourse, groups made similar types of connections between and/or 
among epistemic elements in Conversations 1 and 2.  Said another way, these findings 
suggest that collaborative conversational moves, as evidenced by APT, did not 
particularly support or impede the way groups integrated different epistemic elements 
into their design thinking in the design team meetings in Design Cycle 1. 
5.5 Analysis of findings for Conversation 3 
5.5.1 Context/Orientation 
 
In Conversation 3 - the first design team meeting students engaged in after re-
assignment to their new groups in the Nephrotex internship experience - interns discussed 
the strengths and weaknesses of the materials they tested in the first design cycle (i.e., 
with their prior group).  Then, based on their collected findings, groups proposed, and 
provided justification for, five new devices to test.  The median distribution of groups’ 
(n=55) use of each conversational move type in this conversation is presented below 
(Figure 5.4).  
  
152 
 
Figure 5.4.  Median proportional distribution of conversational moves, by category, in 
design team discourse in Conversation 3 (N=4268).  
 
This graph highlights the prominence of Declaration moves (i.e., Present, POV, Activity, 
Inform) compared to other moves types (35%, n=1503).  It is worth noting that this is the 
only conversation when Declaration moves represent a greater proportion of student 
contributions than do APT moves in design meeting discourse - in all other 
conversations, APT moves represent between 45% and 49% of student contributions.  
Lastly, although the median proportion of all APT move use in this conversation was 
22% (n=1073), only 2% (n=125) were APT-Facilitative moves. 
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5.5.2 ENA Results for Conversation 3 
 
ENA results indicated differences in the frequency and types of connections made 
in Conversation 3 comparing the design meeting discourse of high and non-high APT use 
groups, the details of which will be described in what follows.  
First, I present Figure 5.5 (below), which is a plot of the mean of the network 
connections for groups with differing proportions of APT use in Conversation 3 (colored 
squares represent mean values of each subset of APT use groups; dots represent each 
unique group in the subset; squares represent 95% CIs around the mean).  T-tests 
indicated that the observed differences in the engineering discourse comparing groups 
that used high (red) and non-high (blue) proportions of APT were statistically significant 
((t)-2.528, p=0.015, d = 0.61).  Groups that used high proportions of APT in 
Conversation 3 scored lower, on average, on ENA dimension 2 (i.e., Consultant & Data 
Analysis).  Cohen’s effect size value (d = 0.61) suggests a moderate practical significance 
regarding differences in the discourse of groups that used high proportions of APT, 
compared to those that did not.  
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Figure 5.5. Plot of mean of network connections for high (red, n=14) and non-high (blue, 
n=41) APT use groups in Conversation 3. 
 
The types of network connections that reflect the epistemic discourse of high and 
non-high APT use groups can be seen in the mean equiload models presented below, in 
Figure 5.6.  A comparison of these two models suggests that groups that used high 
proportions of APT (in red), compared to those that did not (in blue), more frequently 
connected data analysis (i.e., skill) to other aspects of engineering design in their 
discourse.  Additionally, these groups more frequently used data to justify their design 
decisions (i.e., epistemology).  Said another way, students in these groups more often 
integrated the skill and epistemology of data into their design thinking during design 
meeting discourse.  Finally, high APT use groups also more frequently connected their 
consultant’s interests to other aspects of engineering design.  That is, these groups 
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integrated the needs, concerns, preferences, etc. of their consultants into their design 
thinking.   
   
Figure 5.6.  Mean network models of group discourse in Conversation 3.  LEFT PANEL: 
high APT use groups (red, n=14).  RIGHT PANEL:  low APT use groups (blue, n=41). 
How these two models differ - in terms of the relative strength of their 
connections – is emphasized in the comparative (i.e., “subtracted”) model presented 
below (Figure 5.7).    
 
Figure 5.7.  Comparative model of groups using high (red, n=14) and non-high (blue, 
n=41) APT in conversation 3.   
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Specifically, the node sizes and line weights in this model indicate how groups with high 
APT use, relative to non-high groups, made more and stronger connections between 
aspects of data analysis, the consultant, and other aspects of engineering practice.  
Additionally, the model shows how these groups have a denser network of connections to 
more epistemic elements relative to these aspects, and in particular to engineering design 
knowledge.  This indicates that these groups repeatedly made connections between these 
elements more frequently. Taken together, these findings imply that groups that used high 
proportions of APT in their discourse spent more time discussing, employing and 
justifying their design decisions with data, in relation to the consultant’s interests and 
engineering design knowledge, than did non-high APT use groups32.  The effect of these 
more robust connections made by high APT-use groups in this conversation is that they 
were better able to attend to more nuanced, content-specific considerations in their design 
thinking as they worked collaboratively to synthesize the knowledge and understanding 
each group member acquired in their first group, to generate new and improved devices 
to meet a broader range of constraints in their new group. 
5.5.3 Evidence of ENA results reflected in student discourse in Conversation 3 
 
The relationship between more proportional use of APT moves and the greater 
frequency of connections in discourse among particular engineering design elements in 
Conversation 3 (presented above) is evidenced in student’s conversational data (i.e., chat-
logs).  In particular, the examination of student discourse suggests that it is not that APT 
moves are specifically associated with particular epistemic frame elements in this 
                                                
32 ENA results also indicated that this finding persisted, though with only a moderate effect, when 
considering both conversations in this design cycle level (i.e., over time) ((t)-2.053, p=0.047, d=0.51). 
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conversation, but that connections to those elements are better integrated into student’s 
design thinking when there is a greater use of APT moves in discursive interaction. 
In what follows, I present three representative samples from the conversational 
data33 of discourse in Conversation 3 (Figures 5.8-5.10).  The first two are drawn from 
high APT use groups.  For comparative purposes, the third is from a non-high APT use 
group.  In each figure, for utterances coded as APT, the moves are highlighted in red.  
The corresponding epistemic coding for each utterance, if any, are presented in the right 
hand column – evidence of the epistemic elements of engineering design knowledge are 
highlighted in green, the consultant are in blue, and data analysis are in orange.  In order 
to provide rich description of the conversational interactions that highlight the 
relationship between conversational moves and epistemic connections in discourse, I 
have broken down each sample into smaller units for the purposes of analysis. 
As will be described below, the comparison of these representative samples 
highlights how groups with high APT use in the course of this conversation were better 
able to focus on critical and domain-based content connections (i.e., to the consultant and 
to data analysis) that resulted in more robust epistemic discourse as they worked to 
complete their task. 
  
                                                
33 Student names are pseudonyms. 
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Discourse samples from high APT use groups in Conversation 3 
 
The first sample (Figures 5.8a-5.8c, below) highlights how one group’s discursive 
use of APT extended and clarified their decision making in a way that integrated the 
Consultant into their design thinking.  For instance (see Figure 5.6a), Jack seeks 
consensus (via the APT-Facilitative (APT-F) move, Agree/Disagree) about the team’s 
design choice to focus on one device attribute, reliability, which initiates further use of 
APT moves in subsequent discourse.  In particular, following this prompt, John 
elaborates on Claire and Sayid’s agreements by providing an explanation in relation to 
engineering design about why the proposed attributes are the right ones (via the APT-
Conversational (APT-C) move, Explain).   
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Jack APT-F: Agree/ 
Disagree 
so do we all agree that our main goal is to 
focus on reliability ? 
Tech. Knowledge34 (1) 
Claire DECLARE: POV Yes, I think so, followed closely by blood 
cell reactivity 
 
Sayid APT-C: Agree/ 
Disagree 
Yeah, those are important ones  
John APT-C: Explain Those two will give us the best device Engineering Design35 
Figure 5.8a. Chat log excerpt from a high APT use group in Conversation 3. 
 
These exchanges are followed by Claire and Jack’s justifications for these 
decisions (APT-C: Share Reasoning), which prompt Sayid to follow up with a clarifying 
question that ensures that the team is connecting their focus on their selected attribute to 
what their consultant’s interests/needs are (i.e. values) (see Figure 5.8b).  After Claire 
informs the group about what the consultant wants in the device, she presses Sayid to 
justify his choice to include CNT in the device design to obtain the necessary reliability. 
  
                                                
34 Indicates utterance coded for any of the following epistemic elements for technical knowledge related to 
device design:  attribute=1, material=2, manufacturing=3, surfactant=4, CNT=5. 
35 Indicates utterance coded for knowledge, skill, and epistemology of design. 
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Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Claire APT-C: Share 
Reasoning 
I think Poly(methyl methacrylate) would 
not work with any model we could try<-
>It does not have high enough flux values 
for any of the internal consultants and, 
even with such low flux values, does not 
significantly outdo any of the other 
materials in blood cell reactivity or 
reliability 
Tech. Knowledge (1,2) 
Jack APT-C: Share 
Reasoning 
We used Polyrenalate because it had high 
flux values. we might want to look into 
that.  
Tech. Knowledge (1,2) 
Sayid ELICIT: Clarify I agree, 11 is too low. What did the 
consultants say our reliability should be 
again? 
Consultant (Values) 
Tech. Knowledge (1) 
Claire DECLARE: Inform Reliability should be better than 5.5 hours Tech. Knowledge (1) 
Claire ELICIT: Pose  what would our other parts be? something 
that has a very high reliability for sure 
Tech. Knowledge (1) 
Sayid ELICIT: Pose hydrophillic and 2% cnt? Tech. Knowledge (4,5) 
Figure 5.8b. Chat log excerpt from a high APT use group in Conversation 3. 
 
Lastly (Figure 5.8c), after Jack agrees with the device specs put forth by Sayid 
(APT-C: Agree/Disagree), Claire seeks confirmation from him that the team’s decision is 
justified with regard to their consultants’ interests (APT-F: Press for Reasoning).  
Finally, Jack clarifies for the group that the issue for the consultant is related to cost 
(APT-C: Say More). 
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Jack APT-C: Agree/ 
Disagree 
Um, 2% is rather low <->actually nevermind. 
i like 2% 
 
Claire APT-F: Press 
Reasoning  
What was our reasoning for so littel CNT in 
this model? Just asking because i forgot, 
since consultants said more CNT means 
more marketability<->Just cost?  
Consultant 
(Epistemology) 
Tech. Knowledge (1,5) 
Jack APT-C: Say 
More   
just cost yea Tech. Knowledge (1) 
Figure 5.8c. Chat log excerpt from a high APT use group in Conversation 3.  
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The second sample (Figures 5.9a-5.9c) reflects how another group’s use of APT 
in discourse during a decision making process integrated the consultant and how they 
should use data to justify their design thinking.  For example (Figure 9a), Lyla challenges 
Vince’s proposal for how the group should proceed, highlighting that it wouldn’t make 
sense for their next proposal with regard to the data they would obtain (APT-F: 
Challenge).  This leads Tami to provide an explanation about why Lyla’s challenge is 
sound in relation to their engineering design process (i.e., their use of time) (APT-C: 
Explain).  
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Vince PROPOSE: 
Process 
… If you guys can all chat in your best 
device from your previous group then I 
will make a batch and send them in to Alex 
Engineering Design 
Professionalism 
Collaboration 
Lyla APT-F: Challenge It does not make sense to each submit our 
best device in the new FEEDS. We will 
only get results we already have. 
Data Analysis 
Engineering Design 
Identity Engineer 
Tami APT-C: Explain @Lyla: Correct.  We need time to compare 
our best devices and mix and match good 
properties of each.  This is why the 10 
minute timeframe does not work. 
Engineering Design 
 
Figure 5.9a. Chat log excerpt from a high APT use group in Conversation 3.  
 
In response (Figure 5.9b), Vince puts forth a proposal for an approach the team 
could take that would incorporate analysis, and justification with, data to determine what 
their best devices are.  This is immediately followed by Lyla’s process suggestion for 
how they could do so.  Vince assents to the proposal (ATP-C: Agree/Disagree) that 
serves as a verbal cue that the group can move forward in their process.  After Eric 
presents details to the group about his previously tested device, Tami integrates the 
consultant’s interest into their design thinking with a justification about why they should 
consider cost based on the standards their consultant has requested (APT-C: Share 
Reasoning). 
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Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Vince PROPOSE: 
Approach 
So if we submit what we already have 
we will get the same results back but 
will also be able to compare from our 
older groups and then make decisions 
from there 
Data Analysis 
Collaboration 
Identity Engineer 
Lyla PROPOSE: Process Why don't we each recommend one for 
our material that is different from the 
ones previously tested 
 
Vince APT-C: Agree/ 
Disagree 
okay sounds good  
Eric DECLARE: Present Our best was PSF, with Relability 11, 
Market 500k, Flux 15, Reactivity 76.67 
and cost 120 
Tech. Knowledge (1,2) 
Tim ELICIT: Clarify   what specs Lyla  
Tami APT-C: Share 
Reasoning 
I think cost can be outweighed by 
marketability, I would guess that we 
should worry about costs being at 150 
since that falls within all of the 
consultants standards. 
Consultant36 
Tech. Knowledge (1) 
Figure 5.9b. Chat log excerpt from a high APT use group in Conversation 3.  
 
Finally (Figure 5.9c), after Tim explicitly agrees with Tami’s reasoning (APT-C: 
Agree/Disagree), he asks a question of the group as to how (not that) they should design 
their devices, providing an integration of the knowledge and skill of engineering design.  
In response, Eric proposes that they use data to improve the quality of their devices and 
then shortly afterwards, Tami extends this to propose a process by which the group can 
do so, similar to Lyla’s contribution early in this exchange. 
  
                                                
36 Indicates utterance coded for values and epistemology of consultant. 
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Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Tim APT-C: 
Agree/Disagree  
i agree Tami  
Tim ELICIT: Process   how do we want to go about making these 
new devices 
 
Eric PROPOSE: 
Approach 
Pick one of each of our materials, and 
modify our best to see if we can improve 
results 
Design (Knowledge & 
Skill) 
Tim ELICIT: Process Each make one using our old materials? Data Analysis 
Identity Engineer 
Tech. Knowledge (2) 
Tami PROPOSE: Process I think that sounds reasonable, and then 
we can submit the batch. Everyone make 
one device that you think will perform 
best using your original material. 
Tech. Knowledge (2) 
Eric APT-C: 
Agree/Disagree 
Let's do it Design (Knowledge & 
Skill) 
Figure 5.9c. Chat log excerpt from a high APT use group in Conversation 3.  
 
Discourse sample from a non-high APT use group in Conversation 3 
 
In contrast to the representative samples from high APT use groups presented 
above, a review of a sample of discursive interactions from a non-high APT use group 
highlights how their design meeting discourse does not effectively integrate the 
consultant or data analysis into their design thinking.  The following discourse sample 
(Figure 5.10a-d, below) is characterized by the sharing of ideas and information that go 
un-questioned, or taken up for more critical consideration, by the group.  This results in a 
decision making process that attends heavily to device specifications, with little 
integration other epistemic elements in design thinking. 
As will be shown below, for example, students in this non-high APT use group do 
not encourage their peers to explain their reasoning (i.e., APT-F: Press for reasoning), or 
provide any for their own (i.e., APT-C: Share Reasoning), in key moments about how the 
group should design their device.  Instead, students appear to take the points of view, 
information and proposals put forth by their teammates at face value, and there is a 
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limited use of signals integrating agreement about proposed directions to take in their 
design thinking.  As a consequence, the group does not effectively integrate the critical, 
domain-based connections related to data analysis and the consultant into their discourse, 
which is ultimately reflected in an epistemic frame that is less robust compared to those 
reflective of the discourse of high APT use groups (presented above). 
For instance (Figure 5.10a), following Jimmy and Omar’s questions to the group 
about how they should proceed in their process (that refer to aspects of design), there is a 
sequence of cross-talk comprised of administrative questions (i.e., questions about what 
the groups is supposed to be doing) and brief declarations of information (i.e., “we found 
phase process worked best;” “we found vapor in my group”).  At this point, Kima takes 
the opportunity to stand back and restate what she has heard (APT-C: Restate) for the 
benefit of the group. 
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Jimmy ELICIT: Process do we want to make 5 completely new 
devices? 
Design (Knowledge) 
Omar ELICIT: Process sounds good. should we use each of our 
best devices??? 
Engineering Design 
Lester ADMIN: Pose How can we have one person send them?  
Jimmy DECLARE: 
Present 
we found phase process to work the best... Tech. Knowledge (3) 
Avon ADMIN: Pose is this something we can put in the shared 
space 
 
Omar DECLARE: 
Present 
we found vapor in my group Collaboration 
Lester DECLARE: 
Present 
Phase  Tech. Knowledge (3) 
Kima 
 
APT-C: Restate same phase inversion to work the best, and I 
saw that some other people said vapor  
Tech. Knowledge (3) 
Figure 5.10a. Chat log excerpt from a  non-high APT use group in Conversation 3. 
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In the subsequent interactions in this conversation, however, students engaged in 
discourse that reflects weaker epistemic integration compared to high-APT use groups 
(i.e., the group does not integrate data analysis or the consultant), as students further 
present information and propose ideas for the group’s design (Figure 5.10b).  In 
particular, Kima, Jimmy, and Omar propose (i.e., PROPOSE: Response) what the device 
should include, and Lester, Jimmy, and Kima contribute more information about their 
prior groups’ work (i.e., DECLARE: Inform).  Kima then moves the group forward with 
their task and these contributions are not taken up by anyone in the group for further 
consideration. 
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Lester ELICIT: Clarify How many CNT,  Tech. Knowledge (5) 
Kima SUGGEST: 
Response 
so 2 vapor 3 phase or 3 vapor 2 phase? Tech. Knowledge (3) 
Lester 
 
DECLARE: Inform we had about 2% for most and our one 
with 10% did not work,,, not sure shy 
 
Jimmy SUGGEST: 
Response 
I would say 3 phase and 2 vapor Tech. Knowledge (3) 
Kima 
 
DECLARE: Inform and for CNT my group ranged them 
between 10%-15% but that was 
because we had hydrophilic and CNT 
has no effect on BCR levels 
Collaboration 
Tech. Knowledge (4,5) 
Omar 
 
SUGGEST: 
Response 
but pair it with  what everyone already 
did.... because they were probably good 
devices 
Engineering Design 
 
Jimmy DECLARE: Inform we had 20% CNT Tech. Knowledge (5) 
Kima ADMIN: State okay so we just have to send what each 
device will be 
Design (Knowledge & 
Skill) 
Figure 5.10b. Chat log excerpt from a non-high APT use group in Conversation 3.  
 
As a result, the team never considers the implications of the data they have.   For 
example, Lester indicates that he is “not sure [w]hy” his group’s prior device did not 
work and Omar makes a proposal for the group to consider, though states only that they 
should do so “because they were probably good devices.” In neither case, do their 
teammates seek understanding or provide a possible connection to something in the data 
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or to constraints in the way that, for instance, Claire (see Figure 5.8c, above) made a 
connection to the consultant when she “pressed for reasoning.”  Both of these instances 
reflect how not providing or seeking a justifying (i.e., APT-C: Share Reasoning; APT-F: 
Press for Reasoning) or making an effort to explain something (i.e., APT-C: Explain), for 
example, may have impeded the team’s integration of data or the consultant into their 
design thinking at key moments in their discourse.   
Next (see Figure 5.10c, below), Jimmy clarifies that the group has made a 
decision on device specifications (APT-F: Revoice), which is confirmed by Lester.  This 
is quickly followed by an additional clarification-confirmation exchange between Kima 
and Omar about what they are supposed to be doing.  However, rather than seeking 
justification about why, for example, using “3 phase and 2 vapor” may make sense in 
terms of the data they have at hand or their consultant’s interests, the group moves 
forward after Lester prompts the group with a process question. 
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Jimmy APT-F: Revoice so are we doing 3 phase and 2 vapor correct? Tech. Knowledge (3) 
Lester DECLARE: 
Inform 
Yes  
Kima ELICIT: Clarify and the strengths of each material?(our best 
one) 
 
Omar DECLARE: 
Inform 
correct  
Lester ELICIT: Process Who wants to go first?  
Figure 5.10c. Chat log excerpt from a non-high APT use group in Conversation 3. 
 
Lastly, the group starts to make suggestions and present their opinions about what 
the group should include in their device design.  This reveals two additional discursive 
interactions when richer epistemic integration did not occur (Figure 5.10d, below).  For 
instance, Jimmy proposes to “change the CNT %,” and Kima agrees.  However, as 
before, there is no effort made to understand why changing CNT % may or may not be a 
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good design choice. Another interaction worth highlighting can be seen when Lester 
expresses his opinion (i.e., DECLARE: POV) that “CNT is fairly safe and would make a 
good difference.”  Although Jimmy provides a blanket agreement (APT-C: 
Agree/Disagree), neither Lester nor his teammates seek to integrate the consultant’s 
interests at this point as to why or how safety may matter, something that could have 
been attained through the use of more collaborative moves, as was evidenced by the high 
APT use groups.  
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Avon SUGGEST: 
Response 
i will go with pmma <->vapor process Tech. Knowledge (2,3) 
Lester ELICIT: Process Great, do you think there are any 
changes you want... or to try<->Or 
should we all choose our best one? 
 
Avon DECLARE: POV maybe just % carbon nanotube? Tech. Knowledge (5) 
Omar SUGGEST: Process I'm thinking best one  
Jimmy SUGGEST: 
Response 
mine was pes-pvp. phase process. 
hydrophilic. 20%<->If you guys want, 
we can change the CNT %... 
Tech. Knowledge (3,4,5) 
Kima APT-C: 
Agree/Disagree 
okay change CNT Tech. Knowledge (5) 
Jimmy ELICIT: Clarity which worked the best for everyone?  
Lester 
 
DECLARE: POV  I think CNT is fairly safe and would 
make a good difference in mine 
Tech. Knowledge (5) 
Jimmy APT-C: 
Agree/Disagree 
I agree with @Lester  
Figure 5.10d. Chat log excerpt from a non-high APT use group in Conversation 3. 
 
Summary of representative samples of groups with differing levels of APT use in 
Conversation 3 
As presented in the representative samples above, groups that used more APT in 
their discourse yielded more critical content connections (i.e., an integration of data 
analysis and the consultant into students’ design thinking).  Also, the use of higher 
degrees of APT in student discourse resulted in a richer discussion of findings and 
information that included implications for their designs and/or explained the thought or 
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decision-making process of their groups.   Additionally, the discourse of these groups is 
more interactive as evidenced by students’ efforts to gain clarity and reach consensus 
about the efficacy of design choices. 
In contrast, the discourse of the non-high APT use group reflects conversational 
interaction that yields no connections in their discourse with regard to: (1) what their 
prior test results (i.e., data) may suggest for the new group’s designs, and what may or 
may not be important and why about these results; or (2) how their consultant’s 
needs/interests should be considered to justify their forthcoming design decision.  This 
highlights moments in this group’s discourse when the integration of data analysis or the 
consultant into their design thinking did not occur, as it did in high APT use groups 
through, for example, more use of Share Reasoning, Say More, Explain, and Challenge 
moves.  Said another way, these data show that high APT use in Conversation 3 
discourse facilitated groups’ ability to focus on critical connections in their conversations, 
which suggests that high use of APT moves in discourse was a mechanism that led to a 
more integrated engineering epistemic frame, compared to groups that used non-high 
degrees of APT. 
5.5.4 Group level characteristics associated with APT use in Conversation 3 
 
ENA was also conducted to test whether group-level characteristics were 
associated with the types and frequencies of epistemic connections groups made in 
relation to level of APT use in discourse.  ENA results indicated that in this design 
meeting (Conversation 3) there is a strong association between the experience level of the 
group (i.e., NOVICE) and the types and frequencies of epistemic connections made in 
relation to the level of APT use in discourse.   
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In particular, among groups with high APT use (Figure 5.11, below, left panel), 
Novice groups had lower average scores on ENA dimension 1 (i.e., Client/Design Skill) 
compared to Advanced groups ((t)-2.379, p=0.038, d = 0.97).  This suggests that Novice 
groups with high APT use more frequently integrated their client’s interests into their 
design thinking than did Advanced groups.  Also presented in Figure 5.11 (right panel) is 
a comparative equiload model indicating how Novice groups with high APT use (in 
purple), relative to Advanced groups, made more and stronger connections between 
these, and other, epistemic elements in their discourse (including the consultant, 
engineering design knowledge and skill, and data (knowledge, skill, and epistemology). 
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Figure 5.11. LEFT PANEL:  Plot of mean of network connections in for Novice (purple, 
n=10) and Advanced (orange, n=4) groups with high APT use in Conversation 3.  
RIGHT PANEL:  Comparative model of discourse for Novice and Advanced groups with 
High APT use in Conversation 3. 
 
Among groups with non-high APT use (Figure 5.12, below, left panel), Novice 
groups had lower average scores on ENA dimension 2 (i.e., Consultant/Design Skill) 
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compared to Advanced groups ((t)-2.248, p=0.038, d = 0.82). This implies that these 
Novice groups more frequently integrated their consultant’s interests into their design 
thinking than did Advanced groups.  Also presented in Figure 5.12 (right panel) is a 
comparative equiload model indicating how Novice groups with non-high APT use (in 
purple), relative to Advanced groups, made more and stronger connections between 
these, and other, epistemic elements in their discourse (including the client and 
engineering design knowledge and skill).   
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 ENA 1 (x-axis): Client/Design Skill 
 
Figure 5.12. LEFT PANEL:  Plot of mean of network connections in for Novice (purple, 
n=30) and Advanced (orange, n=11) groups with non-high APT use in Conversation 3.  
RIGHT PANEL:  Comparative model of discourse for Novice and Advanced groups with 
non-High APT use in Conversation 3. 
These finding suggest that, regardless of the degree of APT in design team 
meeting discourse in Conversation 3, Novice groups had richer networks of connections 
that reflected a stronger integration of the client and/or the consultant into their design 
thinking, whereas Advanced groups more frequently made connections between the skill 
  
170 
of engineering design and other epistemic elements.  The fact that Advanced groups had 
less robust networks than did Novice groups may indicate that APT-style contributions in 
discourse were not particularly helpful for Advanced groups with regard to whether they 
made connections between these epistemic elements, in this conversation.  It is also 
possible that the more experienced students may have merely talked less about the 
consultant and the client.  Said another way, it is possible that Novice students wrestled 
more with design implications related to the consultant and the client, in this 
conversation, and that Advanced students were able to do so more succinctly or 
intuitively. 
No associative differences were found regarding the use of APT and the other 
group-level characteristics of gender balance, average level of confidence, commitment, 
and self-efficacy, or contribution equality.  This suggests that group differences with 
regard to these characteristics are unrelated to the use of APT in design meeting 
discourse. 
5.5.5 Summary of Conversation 3 Findings  
 
In summary, my analysis of the ENA results and qualitative review of utterance 
data presented above found that groups that used more collaborative conversational 
moves in Conversation 3, as evidenced by APT, also more frequently integrated the 
consultant (i.e., his/her needs, interest, and expectations) and data analysis (i.e., 
knowledge, skill, and epistemology) into their design thinking in Conversation 3.  This 
suggests that there was a relationship between a group’s greater overall use of APT 
moves, as a proportion of all moves, in Conversation 3 and students’ contributions in 
these groups that made more frequent and stronger connections to these particular aspects 
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of domain-specific discourse.  Relatedly, my analysis also found that Novice students, on 
average, integrated these epistemic elements into their design thinking more so than did 
Advanced students, with regard to APT use. 
Finally, my analysis found that the effects of APT in design team meeting 
discourse reported above were different in Conversation 4, which will be presented in the 
next section.  As will be shown, the findings are consistent with regard to how APT was 
related to the integration of design constraints, though they differ in a subtle way.  In 
particular, whereas a greater use of APT in group discourse was related to considering the 
constraints imposed by the consultant in Conversation 3, a greater use of APT in 
Conversation 4 was related to considering constraints related to the needs and interests of 
the client. 
5.6 Analysis of findings for Conversation 4 
5.6.1 Context/Orientation 
 
Conversation 4 is the final design team meeting groups engage in during the 
Nephrotex internship.  In this conversation, interns discussed the results of the five 
prototype devices submitted for testing in FEEDS at the end of their last meeting 
(Conversation 3).  In light of these results, groups were tasked with considering all of the 
devices they’d tested over the course of the internship in order to select, justify, and 
submit a final prototype for evaluation and presentation.  It is worth noting that of the 
conversations in the sample, Conversation 4 was the briefest by almost 50% - on average, 
discourse in this conversation was comprised of 38 utterances compared to 74 for 
Conversation 1, 84 for Conversation 2, and 79 for Conversation 3. 
  
172 
The median distribution of groups’ (N=55) use of each conversational move type 
in this conversation is presented below (Figure 5.13).  This graph highlights how APT 
moves characterized almost half (47%, n=958) of all utterances in this conversation and 
of those moves, 6% (n=162) were APT-Facilitative.  Although still representing a small 
overall distribution, APT-Facilitative moves were three times the proportion found in 
Conversation 3 (6% vs. 2%).   
 
Figure 5.13.  Median proportional distribution of conversational moves, by category, in 
design team discourse in Conversation 4 (N=2101).  
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5.6.2 ENA results for Conversation 4 
 
ENA results indicated differences in the frequency and types of connections made 
in Conversation 4 comparing groups that used higher and lower proportions of APT in 
design meeting discourse. The details about these findings, and how they are different 
from those found in my analysis of Conversation 3, are presented below. 
First, I present Figure 5.14 (below), which is a plot of the mean of the network 
connections for those groups with differing APT use in Conversation 4. T-tests indicated 
that the observed differences in engineering discourse comparing groups that used higher 
(red) and lower (blue) proportions of APT was statistically significant ((t)-2.882, 
p=0.006, d = 0.79).  Groups that used higher proportions of APT in Conversation 4 
scored lower, on average, on ENA dimension 1 (Client/Design Skill).  Cohen’s effect size 
value (d = 0.79) suggests a strong practical significance regarding how groups that used 
higher proportions of APT, compared to those that did not, are different with regard to 
their epistemic discourse.  
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 ENA 1 (x-axis): Client/Design Skill 
Figure 5.14. Plot of mean of network connections for higher (red, n=28) and lower APT 
(blue, n=27) use groups in Conversation 4.  
 
The types of network connections that reflect the epistemic discourse of higher 
and lower use APT use groups can be seen in the mean equiload models presented below 
in Figure 5.15.  These models suggest that groups that used higher proportions of APT (in 
red), compared to those that used lower (in blue), more frequently connected their 
knowledge of the client/patient’s wellbeing (i.e., health, comfort and/or safety) to other 
aspects of engineering design.  These groups also more frequently justified their design 
decisions (i.e., epistemology) in relation to the client/patient’s wellbeing.  Said another 
way, students in these groups more often integrated considerations of the health, comfort 
and/or safety of their clients/patients into their design thinking during design meeting 
discourse. 
  
175 
   
Figure 5.15.  Mean network models of groups’ discourse in Conversation 4.  LEFT 
PANEL: Higher APT use groups (red, n=28).  RIGHT PANEL: Lower APT use groups 
(blue, n=27). 
Given the similarity of these models with regard to the density of their 
connections, I present a comparative network model (Figure 5.16, below) to illuminate 
further differences in the relative strength of their connections.  
 
Figure 5.16.  Comparative model of groups using higher (red) and lower (blue) APT in 
Conversation 4.   
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In particular, the node sizes and line weights in this model highlight how groups with 
higher APT use, relative to lower use groups, made more and stronger connections 
between aspects of the client (knowledge and epistemology) and other aspects of 
engineering practice in this conversation.  This finding implies that groups that used 
higher proportions of APT in their discourse spent more time discussing, and justifying, 
their design decisions in relation to client’s needs, than did lower APT use groups.  The 
implication of higher APT-use groups more frequently making such connections is that 
they were better able to attend to this important design constraint as they worked 
collaboratively at a key phase of their design process, namely, when they were finalizing 
their “best” design for submission. 
It is worth noting two other differences highlighted in this model.  First, higher 
APT use groups (in red), on average, persisted in making stronger connections to the 
consultant, as was found in Conversation 3 (reported in the previous section).  Second, in 
contrast to the findings reported for Conversation 3, it was lower APT use groups (in 
blue) that, on average, more frequently integrated data analysis into their design thinking.  
However, in both instances, the observed difference in the frequency of these connections 
in discourse was not statistically significant (i.e., on the y-axis).  This suggests that the 
degree to which higher and lower use APT groups integrated the consultant and data 
analysis into their design thinking was not substantively (i.e., semantically) different, 
even if it if was more frequent overall, as will described shown below.  That is, 
collaborative conversational moves did not particularly support or impede whether 
students made connections to these epistemic elements in their discourse in Conversation 
4. 
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The key difference between these findings and those for Conversation 3 is that 
they imply that the use of APT was salient with regard to which design constraint was 
better integrated into a group’s design thinking.  In particular, the shift in the effect of 
increased APT use from the consultant and data analysis in Conversation 3 to the client 
in Conversation 4 suggests that the effects of APT varied as a function of the focal work 
in each design meeting.  For instance, in Conversation 3, groups were building their 
knowledge and integrating the findings collected about the variety of materials and 
consultants’ interests that students’ prior groups worked with (i.e., in Design Cycle 1) in 
order to test new, and more complex, devices.  It therefore makes sense that the 
consultant and data analysis were better integrated through more collaborative interaction 
in this conversation.  In Conversation 4, however, groups were expected to consider the 
results of how these newly tested devices performed in order to come to consensus on a 
final device that would best satisfy the design constraints with regard to the interests of 
the consultants and the needs of the client.  In this conversation, greater or lesser use of 
APT was not related to how well groups integrated the consultant and data analysis in 
their design thinking.  This makes sense because groups have already synthesized their 
knowledge of prior performance data and understandings of various consultants’ interests 
prior to this conversation.  Instead, my findings suggest that increased collaborative 
interaction in Conversation 4 served a different function in the final design meeting of the 
simulation.  That is, it supported groups’ surfacing and accounting for the health and well 
being of the client in the specifications for their final device submission in the simulation. 
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5.6.3 Evidence of ENA results reflected in student discourse in Conversation 4 
 
The relationship between more proportional use of APT moves and the greater 
frequency of connections in discourse to the client (i.e., epistemology and knowledge) in 
Conversation 4 is evidenced in student’s conversational data (i.e., chat-logs).  In 
particular, the examination of student discourse suggests that in this conversation, 
connections to these elements are better integrated in student’s design thinking when 
there is a greater use of APT moves in discursive interaction in general, and in particular, 
two APT moves were specifically associated with the integration of the client’s safety, 
well-being, etc. in student discourse (i.e., APT-C: Explain and Share Reasoning). In what 
follows, I present three representative samples of discursive interaction in Conversation 4 
(Figures 5.17-5.19).  The first two are drawn from higher APT use groups, and the third, 
for comparative purposes, is from a lower APT use group.  
As will be described below, the comparison of these representative samples 
highlights how groups with higher APT use in the course of this conversation were better 
able to focus on critical and domain-based content connections to the client in a way that 
resulted in more nuanced epistemic discourse as they worked to complete their task. 
Discourse samples from higher APT use groups in Conversation 4 
 
The first conversational sample (Figures 5.17a-d, below) features the discursive 
interactions of a higher APT use group.  The sample highlights how this group integrated 
the client, as well as data analysis and the consultant’s interests, into their design thinking 
through efforts to explain why the ideas of their teammates are good ones for the team’s 
decisions. 
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For instance, this conversational exchange begins (Figure 5.17a) with an effort by 
Dale to affirm that the group has come to consensus about their final decision regarding 
the device the team will use in their final submission (APT-F: Revoice).  However, after 
Andy confirms (APT-C: Agree/Disagree), Dale challenges this decision, noting that he 
thinks a different device is better (APT-F: Challenge).  This syntactic move initiates a 
semantically rich series of interactions, discussed below, among the team about the pros 
and cons of their final decision that integrates data analysis, engineering design, the 
consultant and the client into the team’s design thinking. 
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Dale APT-F: Revoice So we all decided on device 3 right? Design (Knowledge & 
Skill) 
Andy APT-C: 
Agree/Disagree 
sure  
Dale APT-F: Challenge I think device two is better after doing the 
assignment for last week though 
Design (Knowledge & 
Skill) 
Figure 5.17a. Chat log excerpt from a higher APT use group in Conversation 4. 
 
Following Dale’s challenge, Lucy presents her option that device 3 is her choice 
(Figure 5.17b, below).  Harry, though, not only agrees with Dale’s opinion about device 
2, but explains why it is important by raising the issue of the client’s health (APT-C: 
Explain).  Dale then indicates that he agrees with Harry’s explanation (APT-C: 
Agree/Disagree).  Next, Lucy explains her position regarding the use of device 3 (i.e., 
that it is the best “overall”), referring to the data about the devices (APT-C: Explain).  
Harry and Dale both challenge her position by presenting evidence about the consultant’s 
interests and potential limitations to the design of that device (APT-F: Challenge).    
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Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Lucy DECLARE: POV i say deviece 3   
Harry APT-C: Explain I agree also because 2 has a much lower 
flux which is pretty important because it can 
physically affect the health of the patient 
Client (Knowledge & 
Epistemology) 
Tech. Knowledge (1) 
Dale APT-C: 
Agree/Disagree 
@Harry. I agree  
Lucy APT-C: Explain yeah. all of the devices are good, and some 
are better in some attributes than others, but 
overall #3 is the best. its kinda like the 
average of the results 
Data Analysis 
Engineering Design 
Tech. Knowledge (1) 
Harry APT-F: Challenge 3 kind of has a high BCR though compared 
to where many consultants want it 
Consultant 
(Knowledge) 
Dale APT-F: Challenge @Lucy. The only attribute in device 3 was 
marketability and cost 
Design (Knowledge) 
Tech. Knowledge (1) 
Figure 5.17b. Chat log excerpt from a higher APT use group in Conversation 4. 
 
These syntactic challenges lead the students to better explain their arguments for 
one device over the other (Figure 5.17c).  For instance, Dale follows up his own 
challenge by providing a justification for why “device 2” is a better choice, noting how it 
satisfies the consultant’s parameters (APT-C:  Share Reasoning).  He also clarifies 
previously presented data about the limitation of each device under discussion (APT-C: 
Restate).  To try to persuade her teammates, Lucy then continues to explain her position 
by discussing the implications of the data results they have in relation to the device 
design (APT-C: Explain). 
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Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Dale APT-C: Share 
Reasoning 
however device 2's cost satisfies internal 
consultants<->the only thing that device 2 
lack in is marketability<->the attribute that 
device 3 lacks is BCR 
Consultant 
(Epistemology) 
Engineering Design 
Tech. Knowledge (1) 
Lucy DECLARE: 
Inform 
@Harry. i dont think the consultants 
specified a number that they wanted... 
 
Dale APT-C: Restate Also, device two's cost satisfies internal 
consultant rates<->So it comes down to 
device 2 lacking in marketability and device 
3 lacking in bcr levels 
Data (Skill & 
Knowledge) 
Design (Knowledge & 
Skill) 
Tech. Knowledge (1) 
Lucy APT-C: Explain @Dale. the higher the cnt, the better the 
flux and reliability. but theres really no 
point to go higher than 10% cnt because 
thats where you get the best results for the 
price <-> device 3 isnt lacking in bcr 
levels....its bcr is still a good number<->its 
just not 5/5 
Data Analysis 
Design (Knowledge & 
Skill) 
Tech. Knowledge (1,5) 
Figure 5.17c. Chat log excerpt from a higher APT use group in Conversation 4. 
 
Dale, however, remains un-persuaded and explains to Lucy that one attribute (i.e., 
BCR) has a more important effect on the patient (APT-C: Explain) and refers to his notes 
about the interests of the consultants (Figure 5.17d, below).   Harry then explains why he 
continues to agree with Dale’s position (APT-C: Explain), again integrating the needs of 
the client into his design thinking.  At this point, Lucy does not continue to try to 
persuade her team to think differently, but merely expresses her opinion about the data 
levels they are using as decision criteria (DECLARE: POV).   
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Dale APT-C: Explain According to my attribute rankings, I think 
that BCR (directly affecting the patient) is 
more important than the marketabilty 
Client (Knowledge) 
Design (Knowledge & 
Skill) 
Tech. Knowledge (1) 
Dale DECLARE: 
Inform 
@Lucy.  I have in my notes that internal 
consultants want a bcr level low at under 45 
nano grams.ml<->For Rao it's 45 nano 
grams/ml and for Anderson it's 55 
Consultant 
(Knowledge) 
Identity Intern 
Tech. Knowledge (5) 
Harry APT-C: Explain I agree lets go with the lower BCR because 
patients will pay more money to be less 
affected by the treatment 
Client (Knowledge & 
Epistemology) 
 
Lucy DECLARE: POV i think 54.44 is perfectly fine. you cant have 
the best numbers for all of them.. 
Data (Knowledge & 
Epistemology) 
Figure 5.17d. Chat log excerpt from a higher APT use group in Conversation 4. 
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 The second representative sample from a higher APT use group (Figures 5.18a-c, 
below), reflects how another group’s use of APT in discourse during a decision making 
process integrated the client into their design thinking as the group came to consensus 
about their final device specifications.  This sample opens (see Figure 18a, below) with 
Carrie stating that she thought that a teammates’ device had good results (in terms of 
their consideration of it for final device selection).   
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Carrie DECLARE: POV i thought the Saul device had good results Data (Knowledge) 
Design (Knowledge) 
Quinn APT-C: Explain @Carrie. Yeah, i agree too. Saul's had a very 
low flux rate<->oh wait, i mean a low blood 
cell rate 
Tech. Knowledge (1) 
Carrie DECLARE: POV also the Max device had good results, not 
including the high price 
Data (Knowledge) 
Design (Knowledge) 
Tech. Knowledge (1) 
Nicholas APT-C: Share 
Reasoning 
I liked the PES-PVP model. It had a decent 
flux-reliability-reactivity blend. The reactivity 
for Saul’s model may be low, but the low flux 
and reliability will mean a longer treatment 
time for the patient, which would negate the 
effect of the great reactivity.  
Client (Knowledge) 
Tech. Knowledge (1) 
Max APT-C: Share 
Reasoning 
Nicholas’s might be better though because the 
blood cell reactivity is up to standards for both 
consultants and it is less money 
Consultant 
(Epistemology) 
 
Quinn APT-C: Explain im split between the Saul, Max, and Nicholas 
model only because their blood cell reactivity 
is so low 
Tech. Knowledge (1) 
Figure 5.18a. Chat log excerpt from a higher APT use group in Conversation 4. 
 
Quinn agrees with Carrie’s assessment by providing an explanation in terms of the device 
attribute (i.e., low blood cell reactivity) (APT-C: Explain).  Next, Carrie puts forth 
another opinion about a different design, again based on its results (i.e., Max’s design).  
Then Nicholas presents a different opinion that he justifies by integrating how it would 
impact the patient (APT-C: Share Reasoning).  Max adds additional justification as to 
why this would be a good model by integrating how it would meet the consultant’s 
standards as well (APT-C: Share Reasoning).  After hearing his points, Quinn steps back 
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to express a concern about why the device specification may be too low (APT-C: 
Explain).  
The next series of exchanges ground the team’s focus in relation to engineering 
design practices (Figure 5.18b, below).   
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Quinn PROPOSE: 
Process 
we should rank the attributes Design (Knowledge 
& Skill) 
Tech. Knowledge (1) 
Saul PROPOSE: 
Approach 
all of the designs are going to be weak in one 
area at least, we just need to determine which 
area is the least important 
Engineering Design 
Saul DECLARE: 
Present 
marketability and BCR were ranked 1,2 
respectively in my previous group 
Design (Knowledge 
& Skill) 
Collaboration 
Tech. Knowledge (1) 
Nicholas APT-C: Share 
Reasoning 
I believe that flux is most important, 
followed closely by reliability. These two 
mean the patient spends less time in 
treatment. Reactivity comes third, but its 
effects can be negated by the first two. 
Marketability comes 4th, and cost 5th.  
Client (Knowledge) 
Tech. Knowledge (1) 
Max APT-C: Share 
Reasoning 
the least important is marketability because it 
depends on all the other aspects of the device 
Design (Knowledge 
& Epistemology) 
Tech. Knowledge (1) 
Carrie DECLARE: POV i think flux and reliability 1 and 2 also  Tech. Knowledge (1) 
Nicholas APT-C: Share 
Reasoning 
I think cost is least important, because it 
doesn't seem to have any effect on 
marketability. Look at our most expensive 
one: it has the highest marketability. 
Tech. Knowledge (1) 
Figure 5.18b. Chat log excerpt from a higher APT use group in Conversation 4. 
 
Quinn immediately follows up his concern (from above) by proposing a process the 
group should use to make their decision (i.e., rank the attributes).  This proposal is 
extended by a recommendation from Saul about the approach the group could use to do 
so (i.e., determining what is least important).  After Saul presents how device 
specifications were ranked in his previous group, Nicholas indicates his preferences in 
ranking and justifies his position in relation to how the decisions will impact the patient 
experience (APT-C: Share Reasoning).  Next Max shares a rationale for why Saul’s 
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ranking may not be effective (APT-C: Share Reasoning) immediately followed by Carrie 
expressing her opinion about the top two rankings presented by Nicholas.   At this point, 
Nicholas provides further clarity about why he ranked things the way he did, highlighting 
the relationship between cost and marketability (APT-C: Share Reasoning).  
 The last part of this interaction sample (Figure 5.18c, below) shows the group 
coming to agreement about how they will rank the aspects of their device for final 
submission.   
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Max DECLARE: POV i think flux and blood cell reactivity then 
reliability 
Tech. Knowledge (1) 
Quinn DECLARE: POV i believe reliabiltiy should be ranked 
high, but im looking at the consultant 
requests and they want above 5.5 which 
all of ours are. so should we ignore 
reliability? 
Consultant (Values) 
Design (Knowledge) 
Tech. Knowledge (1) 
Carrie DECLARE: POV yeah or put it third which is what MAx 
said 
 
Quinn APT-C: 
Agree/Disagree 
i agree  
Max DECLARE: Present The marketability is very driven by the 
blood cell reactivity i used to have 87 bcr 
in my device and i changed it to 
biological<->it used to have a 
marketability of 700,000 
Design (Knowledge & 
Skill) 
Tech. Knowledge (1,4) 
Saul APT-C: Share 
Reasoning 
i think BCR is more important than flux 
since BCR directly impacts discomfort of 
the patient where as flux just deals with 
how quickly the procedure takes.  Why 
have an uncomfortable quicker procedure 
when you can have a comfortable 
procedure that lasts a bit longer 
Client (Knowledge & 
Epistemology) 
Tech. Knowledge (1) 
Max APT-C: 
Agree/Disagree 
i agree with Saul  
Carrie APT-C: 
Agree/Disagree 
same here  
Saul APT-C: 
Agree/Disagree 
i agree that cost should be least important Tech. Knowledge (1) 
Figure 5.18c. Chat log excerpt from a higher APT use group in Conversation 4. 
 
Following from the previous justifications presented by Nicholas, three students (Max, 
Quinn and Carrie) all clarify their positions about the rankings (i.e., DECLARE: POV), 
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closing with Quinn’s agreement (APT-C: Agree/Disagree) that signals to the group that 
he and Carrie are behind what Max shared.  Next, Max presents detailed specifications to 
the group, followed by Saul integrating the comfort of the patient as justification for why 
BCR is more important than flux (APT-C: Share Reasoning).  This exchange closes with 
a series of final agreements that signal consensus about the team’s design decisions 
(APT-C: Agree/Disagree). 
Discourse sample from a lower APT use group in Conversation 4 
 
In contrast to the representative samples from higher APT use groups presented 
above, a review of a sample of discursive interactions from a lower APT use group 
highlights how their design meeting discourse does not integrate the client into their 
design thinking in key moments of discourse (Figures 5.19a-d).  As will be shown below, 
with one exception, the only type of APT contribution evident in this group’s interactions 
are Agree/Disagree moves.  Although group members consistently signal agreement with 
the ideas put forth by others, students do not engage in discourse that considers how their 
design decisions relate to the well being, safety, or health of the client (i.e., the patient).  
Nor do they consider why their device is the best they can come up with beyond detailing 
it’s specifications. 
A comparison of this sample of discourse next to those from groups with higher 
APT use (above), shows that the primary types of syntactic contributions in this 
conversation are: (1) declaration moves that characterize student’s opinions, presentations 
of findings, or informing others about the details of their device specifications; or (2) 
eliciting moves used by students to seek more specific information from teammates.  It is 
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also important to note that the sample of discourse that follows is a record of the entirety 
of the group’s conversation. 
 For instance, Daryl initiates the conversation (see Figure 5.19a, below) by asking 
his teammates if they should decide on their best device (which is the group’s task in this 
room).   
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Daryl ELICIT: Process so should we decide which device is the 
best? 
Engineering Design 
Rick ELICIT: Pose yeah what are your thoughts?  
Daryl DECLARE: POV i think the Pes-Pvp; Biological; Phase; 
10% was the best device 
Design (Knowledge & 
Epistemology) 
Tech. Knowledge (3,4) 
Rick APT-C: Explain yeah i would probably agree or maybe the 
polyrenalate device but that one has too 
high of blood cell reactivity 
Design (Knowledge & 
Skill) 
Tech. Knowledge (2) 
Glenn APT-C: 
Agree/Disagree 
I would agree  
Maggie DECLARE: POV @Rick. I agree. We also can choose a 
device that any of us created previously 
that we think is better. But, from our group 
batch, I think the Pes-pvp device is best. 
Engineering Design 
Collaboration 
Daryl APT-C: 
Agree/Disagree 
yes, that is the best one that i have out of 
all the devices i have results for 
Data (Knowledge & 
Epistemology) 
Design (Knowledge & 
Epistemology) 
Glenn DECLARE: Inform None of the devices from my previous 
team could hold a candle to the device 
Daryl suggested 
Design (Knowledge & 
Skill) 
Collaboration 
Identity Engineer 
Rick DECLARE: Inform same for me  
Figure 5.19a. Chat log excerpt from a lower APT use group in Conversation 4. 
 
After Rick asks Daryl what he thinks, Daryl shares his opinion regarding what he thinks 
their best device is, though does not include any rationale as to why.  Rick, though, 
provides an explanation as to why he thinks Daryl’s idea may be a good one through 
comparison with another possibility (APT-C: Explain), about which Glenn agrees.  
Maggie also signals her agreement with the group’s thinking thus far and adds some 
additional opinions of her own, followed by Daryl agreeing (APT-C: Agree/Disagree), 
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again, that the original device he suggested is the best.  Glenn and Rick then inform the 
team that their prior team’s devices were inferior to the current device the group is 
considering.  As can be seen, at no point in this sequence of discursive interaction do 
students pause to consider whether this device is their “best” design beyond reference to 
its design elements or data results (i.e., they do not consider, for example, how the 
specifications may affect the patient).  
Next, Glenn makes an effort to share the details of another device for 
consideration by the team (Figure 5.19b, below).  His teammates (Rick, Carole, Daryl 
and Maggie) quickly convey the issues they have with this possibility (i.e., their 
opinions).  In doing so they only note the limitations of the specifications, and do not 
provide a rationale (i.e., APT-C: Share Reasoning) or explanation (i.e., APT-C: Explain) 
as to why, as did the groups with higher APT use in discourse (c.f., the conversational 
exchange presented in Figure 5.18a, above, which results in the group integrating the 
client, for example, into their design thinking through doing so). 
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Glenn DECLARE: Present I did have one device with a reliability of 6, 
a marketability of 700,000, a flux of 11, a 
BCR of 10, and a cost of 140<->The extra 
cost and the lower flux and reliability 
probably do not full compensate for the 
extremely low BCR. 
Design (Knowledge) 
Tech. Knowledge (1) 
Rick DECLARE: POV I think the reliability is too low on that one Tech. Knowledge (1) 
Carol APT-C: 
Agree/Disagree 
Same  
Daryl DECLARE: POV I think the flux is too low Tech. Knowledge (1) 
Maggie APT-C: 
Agree/Disagree 
Yeah, the flux may also be too low. Tech. Knowledge (1) 
Figure 5.19b. Chat log excerpt from a lower APT use group in Conversation 4. 
 
 Rick then asks the group for another device that may be better, indicating that he 
is not ready to settle on what they have (Figure 5.19c, below).  After Daryl indicates he 
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doesn’t have one, Carol shares information about another device from her prior design 
team, detailing the data specifications of the design.  The rest of the team quickly 
discounts this device, but there is no indication in their discourse as to why or its 
implications (i.e., why were BCR and cost too high; how affect the client).  Although 
there may be implicit understandings among the team about this (i.e., possessed by 
individuals), it is not explicitly explored in their discourse, and thus not integrated into, or 
represented in, the group’s design thinking. 
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Rick ELICIT: Clarify does anyone else have a device better than 
this one? 
Design (Knowledge) 
 
Daryl DECLARE: Inform not me  
Carol DECLARE: Inform From my old team, we had some pretty 
high numbers<->give me two secs to put 
them down<->The top two<->1.) PLNRT, 
vapor, hydrophylic sufactant and 10% 
nano: reliability of 12, marketability of 
800000, flux 17, bcr 76.67 cost 150<->2. 
Same composition except for 6% 
nanotubes: Reliability 11, Marketability 
700000, flux 17, bcr 76.67, cost 140 
Data (Knowledge) 
Identity Engineer 
Tech. Knowledge 
(1,4,5) 
Glenn DECLARE: POV It think the BCR is unfortunately high.  
Daryl APT-C: 
Agree/Disagree 
yes i agree  
Rick DECLARE: POV i just think the BCR is too high for those 
two 
 
Carol APT-C: 
Agree/Disagree 
thats what i thought too  
Maggie DECLARE: POV The flux rate is great, but the cost is high.  Tech. Knowledge (1) 
Carol DECLARE: Inform every device we made w/plnrt hadf that 
same bcr 
Design (Knowledge & 
Skill) 
Maggie DECLARE: Inform along with the BCR  
Figure 5.19c. Chat log excerpt from a lower APT use group in Conversation 4. 
 
 Finally, the team appears to lose momentum, or possibly run out of time, and 
quickly moves to consensus on the specifications for the final device they will submit in 
the internship (Figure 5.19d, below).  Their discussion closes with Rick providing details 
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that provide an integration of data analysis and engineering design elements into the 
team’s discussion. 
Student Conversational Category: Move Student Utterance Epistemic Code(s) 
Daryl APT-C: 
Agree/Disagree 
so do we all agree that Pes-Pvp, 
Biological, Phase, 10% is the best device? 
Engineering Design 
Tech. Knowledge (2,4) 
Carol APT-C: 
Agree/Disagree 
sure  
Glenn APT-C: 
Agree/Disagree 
Yes.  
Maggie APT-C: 
Agree/Disagree 
Yes.  
Rick APT-C: 
Agree/Disagree 
i think so  
Glenn ELICIT: Clarify Who proposed that device? As in, which 
team member is an expert in Pes PVP? 
Design (Knowledge) 
 
Rick DECLARE: Inform I did <->  my previous team used all 20% 
CNT for our prototypes so for this one i 
decided it would be a good idea to try it 
with lower and the results improved. <-> 
The CNT% only changed the marketability 
for the original device i changed it from <-
> So that means the CNT% was affecting 
the marketability the most for our devices 
Data Analysis 
Engineering Design 
Collaboration 
Identity Engineer 
Tech. Knowledge (1,5) 
Figure 5.19d. Chat log excerpt from a lower APT use group in Conversation 4. 
 
Summary of representative samples of groups with differing levels of APT use in 
Conversation 4 
As presented in the representative samples above, the use of more APT in group 
discourse resulted in the integration of the needs of the client into student’s design 
thinking.  In particular, the specific use of the substantive APT-Conversational moves 
Share Reasoning and Explain in student discourse yielded such integration.  As was 
evident in the samples of discourse from Conversation 3, the use of higher degrees of 
APT in group discourse, in general, led to more specific discussion of implications for 
their designs and/or explained the thought or decision-making process of their groups. 
In contrast, the discourse of the lower APT use group reflects a pattern of 
interaction that was overly focused on the technical specifications of their device and less 
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substantive regarding the implications of their design.  In particular, while their device 
may have “tested” well, the discourse of the lower APT use group did not reflect 
evidence that they were integrating the client’s needs into their design thinking.  As was 
also found in the analysis of Conversation 3, this highlights how lower APT use groups 
did not integrate the client into their design thinking, as it did in high APT use groups, 
who evidenced the use of APT beyond the signaling of agreement or disagreement (i.e., 
Explain, Share Reasoning, Restate, Challenge).  Said another way, higher APT use 
groups were better able to focus on a critical connection in their conversation, namely to 
the client, which suggests their more frequent use substantive APT moves in discourse 
facilitated a more nuanced engineering epistemic frame, compared to groups that used 
lower degrees of APT.  This difference is particularly salient for groups’ design process 
in that groups that engaged in more collaborative discourse in this final conversation 
were better able to keep concerns related to the product’s end user (i.e., the client) in 
mind as they prepared to submit their final device for testing. 
5.6.4 Group level characteristics associated with APT use in Conversation 4 
 
As before, ENA was also conducted to test whether group-level characteristics 
were associated with the types and frequencies of epistemic connections groups made in 
relation to level of APT use in discourse.  T-tests indicated that there are strong, practical 
associations between APT use and group’s gender balance and groups’ degree of 
contribution equality in discourse.  As will be described below, greater gender balance 
and contribution equality yielded connections more akin to those found for higher APT 
use groups in general, particularly among lower APT use groups.  No associative 
differences were found regarding the use of APT and the group-level characteristics of 
  
191 
level of experience (i.e. Novice or Advanced), nor groups’ average level of confidence, 
commitment or self-efficacy. 
Gender balance 
 
In what follows I present evidence which suggests that there were strong practical 
effects (based on Cohen’s d) for how gender balanced groups (even if nominally) 
integrated the epistemic elements of data analysis and the consultant, or the client, into 
their design thinking regardless of level of APT use, more so than groups comprised of 
only male students.  First, Figure 5.20 (below, left panel) displays a plot of the means of 
the network connections for groups with higher APT use Conversation 4, controlling for 
gender balance.  
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Figure 5.20. LEFT PANEL:  Plot of mean of network connections for gender-balanced 
(green, n=22) and all-male (purple, n=6) groups with higher APT use in Conversation 4.  
RIGHT PANEL:  Comparative model of discourse for gender-balanced and all-male 
groups with higher APT use in Conversation 4. 
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Among groups with higher APT use, those that were not all-male had lower average 
scores on ENA dimension 1 (i.e., Client/Design Skill) ((t)-2.274, p=0.041, d=1.02).  This 
indicates that such groups more frequently integrated their client’s interests into their 
design thinking than did all-male groups.   Also displayed (right panel, above) is a 
comparative equiload model highlighting the relative strength of how more gender-
balanced groups with higher APT use (in purple), compared to all-male groups, made 
more and stronger connections between the client and other aspects of engineering 
practice in their discourse (including the consultant, engineering design knowledge and 
skill, and data (knowledge, skill, and epistemology)).  It is important to note that this 
finding reflects the epistemic discourse of higher APT use groups, in general, in this 
conversation, as presented above. 
Second, among lower APT use groups (see Figure 5.21, below, left panel), those 
that were not all-male (in green) had lower average scores on ENA dimension 2 (i.e., 
Consultant & Data Analysis/Design Skill) ((t)-2.305, p=0.046, d=1.01), compared to all-
male groups (in purple).  This indicates that they more frequently made connections 
between the consultant, data analysis, and other aspects of engineering practice, in their 
discourse37.   As before, Figure 5.21 (below, right panel) displays a comparative equiload 
model that reflects how groups with gender-balance more frequently integrated the 
needs/interests of the consultant and data analysis as justification in their design thinking. 
 
                                                
37 ENA results also indicated that this finding persisted when considering both conversations in this design 
cycle level (i.e., over time) ((t)-2.558, p=0.025, d=1.22). 
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Figure 5.21. LEFT PANEL:  Plot of mean of network connections for gender-balanced 
(green, n=19) and all-male (purple, n=8) groups with lower APT use in Conversation 4.  
RIGHT PANEL:  Comparative model of discourse for gender-balanced and all-male 
groups with lower APT use in Conversation 4. 
Taken together, these findings imply that all-male groups, on average, tended to 
focus primarily on the skill of engineering design, at the expense of more nuanced 
conversation that integrated other critical, domain-based connections, as they finalized 
their devices for submission at the end of the simulation.  Conversely, this also implies 
that being in a group with female students, even if nominally, may support: (1) the 
development of more robust epistemic frames of engineering practice; and (2) the 
submission of a final device that better reflects the human-centered constraints students 
are expected to consider, and that is informed by the data about their previously 
prototyped devices.    
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Contribution Equality 
 
ENA results also indicated that among lower APT use groups, those with higher 
degrees of contribution equality (i.e., groups with more balanced participation among 
team members) more frequently made connections between aspects of the consultant, 
data analysis, and other aspects of engineering design, compared to groups with less 
contribution equality ((t)-2.179, p=0.039, d=0.84) (Figure 5.22, below, left panel).  The 
effect size value (d=0.84) suggests that increased contribution equality in this 
conversation is strongly associated with the integration of such epistemic elements into 
students’ design thinking in groups with lower APT use in Conversation 4.   
E
N
A
 2
 (y
-a
xi
s)
: 
C
on
su
lta
nt
 &
 D
at
a 
A
na
ly
si
s/
D
es
ig
n 
Sk
ill
 
 
  
 ENA 1 (x-axis): Client/Design Skill 
 
Figure 5.22. LEFT PANEL:  Plot of mean of network connections for lower APT use 
groups with higher (purple, n=11) and lower (pink, n=16) contribution equality in 
Conversation 4.  RIGHT PANEL:  Comparative model of discourse for lower APT use 
groups with higher and lower contribution equality in Conversation 4. 
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Additionally, as displayed in the comparative equiload model in Figure 5.22 
(above, right panel), this finding implies that groups with greater contribution equality 
more frequently connected elements of data analysis, and to some extent, their 
consultant’s interests, to other epistemic elements in their discourse than did groups with 
less balanced participation among teammates.   This suggests that more balanced 
participation among teammates in the final design meeting may support groups in making 
critical connections to these aspects of engineering design practice, which in turn, could 
yield a higher quality final device design.  This finding is also important in that it 
suggests that contribution equality, at least in Conversation 4, mediated the effects of less 
APT in student discourse. 
5.6.5 Summary of Conversation 4 findings 
 
In summary, my analysis of the ENA results and qualitative review of utterance 
data presented above found that groups that used more collaborative conversational 
moves (as evidenced by APT) in Conversation 4, compared to those that used fewer, 
more frequently integrated the client (i.e., the patient’s wellbeing, health, comfort and/or 
safety) into their design thinking.  This suggests that there was a relationship between a 
group’s greater overall use of substantive APT moves (i.e., those that do more than signal 
agreement/disagreement), as a proportion of all moves, in Conversation 4 and students’ 
contributions in these groups that also made more frequent and stronger connections to 
this important aspect of domain-specific discourse. 
My analysis also found that gender-balance in group composition and higher 
contribution equality among teammates in lower APT use groups in Conversation 4 were, 
on average, better able to integrate a broader array of epistemic elements into their design 
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thinking (i.e., the consultant, the client, data analysis).  This also implies that such groups 
also developed richer and more nuanced “epistemic frames” of engineering practice. 
Lastly, my analysis found that the effects of APT were different in Conversations 
3 and 4, particularly with regard to better integration of the consultant or the client, 
respectively, into students’ design thinking.  This difference suggests that the effects of 
APT may be context specific in terms of the focus of the task in each conversation. 
5.7 Discussion  
 
  In this part of my study I used chat-log (i.e., utterance) data from four, 30-40 
minute long design team meeting conversations held by 110 unique student groups in the 
virtual internship, Nephrotex, to empirically test my hypotheses for research question two.   
I hypothesized that groups with higher proportions of Academically Productive Talk 
(APT) in their discourse would make connections in their discourse: (1) to more 
epistemic frame elements (i.e., larger networks, with a greater variety of connections); 
and (2) among more epistemic frame elements (i.e., denser networks, with a greater 
number of connections).  To test these hypotheses, I conducted ENA to examine the 
groups’ discourse as they collaborated to solve a complex engineering design problem. 
I expected to find evidence of collaborative conversational contributions (i.e. APT 
moves) in my analysis of student discourse because Nephrotex is an “intentional” CSCL 
environment designed, in part, to mediate, support and facilitate group interaction 
wherein students learn and build knowledge collaboratively (Stahl, 2006) in order to 
design a medical device that met an array of pre-determined constraints.  APT moves 
characterized 41% (n=6109) of all student design team meeting utterances in the 
conversations considered in my analysis (N=15068).  The fact that there was such a 
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prominent and endogenous use of APT in the simulation adds support to two assertions.  
The first is that the design of the simulation is well-structured because it fostered and 
engendered non-scripted, collaborative interaction through discourse (Blumenfeld et al., 
1996; Rahman et al., 2010; Mercer, 1996; Soller et al., 1998).  The second, in line with 
prior research on the effects of APT, is that students, in general, engaged in reasoned 
participation and effective discourse in their design team meetings (Michaels et al., 2008; 
Adamson et al. 2013; Resnick et al. 1993, 2013). 
  My analysis found that there were differences in groups’ emerging “epistemic 
frames” as engineers associated with the use of APT, as a proportion of all types of 
conversational contributions, in design team meeting discourse. However, these 
differences were only statistically significant in the second half of the internship 
experience (i.e., Design Cycle 2).   In the two conversations in this design cycle, findings 
indicated that higher APT use groups made a number of critical, domain-specific (i.e., 
epistemic) connections in their discourse as they collaborated on the completion of their 
task in a way that lower APT use groups did not. 
  Specifically, these critical connections resulted in better integration of the 
consultant (i.e., his/her needs, interest, and expectations) and of data analysis (i.e., 
knowledge, skill, and epistemology) into students’ design thinking in Conversation 3, and 
a better integration of the client (i.e., the patient’s wellbeing, health, comfort and/or 
safety) in Conversation 4.  As will be discussed below, the fact that the findings about the 
effects of APT in student discourse were different in each conversation suggests that the 
relationship between the use of APT and the types of epistemic connections made in 
discourse may be context (i.e., conversation) specific, and related to the different foci in 
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the conversations (i.e., organizing as a new group to identify viable models for testing in 
Conversation 3; converging on final device proposals in Conversation 4).  
  These findings are important because they suggest that APT served as an 
important mechanism in student discourse, namely, that its use in group discourse 
facilitated the construction of discipline-specific understandings and the integration of 
content knowledge into student design thinking.  That is, by coupling ENA with a 
frequency-based measure of APT in my analysis of design team meeting discourse in 
Nephrotex, I found evidence that groups that used more APT in their discourse in Design 
Cycle 2 conversations achieved better integration.  However, my analysis of the 
qualitative data (i.e., chat-logs) also suggests that using the frequency (i.e., greater or 
lesser) of overall APT use, as was used in this study, use may be too gross of a measure.  
As such, future research should consider whether it is actually increases in the quality of 
APT use and/or increases in the use of specific moves, or patterns of moves, in discourse 
that lead to better integration.   
The evidence presented in my analysis is generally consistent with findings 
reported in the literature about skills associated with collaborative problem solving 
(CPS), the relationship between communication activity and collaborative outcomes, and 
the effects of APT in CSCL environments.  These findings also shed light on why APT 
was an effective mechanism for the integration discipline-specific knowledge and 
understanding.  First, the effects of greater APT use in design team meeting discourse 
found in my analysis can be broadly interpreted in light of the types of cognitive and 
social skills detailed in the literature that are commonly associated with effective CPS, 
which is characterized as interactive, interdependent, and dynamic  (c.f., Griffin at al., 
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2011; O’Neill et al., 2003; OECD, 2013).  For instance, my analysis suggests that 
increased use of APT in the second Design Cycle of the Nephrotex internship was an 
indication that students were demonstrating an ability to enact important skills in the 
service of work on their design problem, such as knowledge building (i.e., contributing 
information and skill-based knowledge), social regulation (i.e., negotiating 
misunderstandings and conflicts of ideas), perspective taking (i.e., considering the ideas 
put forth by others), and effective communication (i.e., clarifying and acknowledging 
other’s ideas) in a way that affected the overall development of their epistemic frame as 
engineers.  The effects of APT found in my analysis also point to how students were 
engaged in decision-making through integrating information, using judgment, identifying 
alternatives, and evaluating consequences, which are all facets of what APT “looks like” 
when it is used in student discourse.  Future design-based research could examine these 
effects in more detail to determine whether APT could be used to formatively assess 
student’s ability to demonstrate such skills and/or as a way to measure the process and 
quality of collaboration in problem solving in a simulation-based environment, such as 
Nephrotex. 
 Second, prior research has established that communication activity (i.e., 
discourse) plays a central role in how people learn through collaboration in CSCL 
environments (Steinkuler, 2006, Stahl, 2006).  In accord with the literature, my study 
used the APT framework to identify collaborative conversational moves in order to better 
understand the outcomes of collaborative discourse in the Nephrotex simulation (Stahl 
and Hesse, 2006; Dillenbourg, 1999; Wooley et al., 2010).  Broadly speaking, the 
findings reported in my analysis are consistent with research that suggests that the 
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outcomes of collaboration, which in this study were codified in groups’ epistemic frames 
as engineers, are affected by the nature and quality of social interaction (Kreijns et al., 
2003).  For instance, the fact that increased use of APT in groups was found to affect the 
development of their epistemic frame of engineering practice reflects how the quality of 
group interaction and participation patterns were related to the outcomes of collaboration 
(Webb, 1991; Kittleson and Southerland, 2004; Soller et al., 1998; Blumenfeld et al., 
1996; Rahman et al., 2010).  Additionally, these findings can also be interpreted as an 
indication that greater use of APT in discourse supported groups’ development of shared 
knowledge and understanding via “active learning” (i.e., justifications, elaborations, 
explanations), the characteristics of which are found in the conversational moves codified 
in the APT framework (Roschelle, 1992; Soller et al., 1998).  However, because much of 
the aforementioned research focused on examining the relationship between 
collaboration, social communication/interaction, and individual outcomes, my findings 
also expand this literature by suggesting that a particular type of social interaction, APT, 
could be used in future research to study group-level outcomes. 
 Lastly, the results of my analysis are consistent with prior research on the effects 
of APT in CSCL environments that has established the use of APT effectively supports 
reasoned participation and fosters effective discourse.  My findings can be broadly 
interpreted to indicate that greater use of APT, specifically in Design Cycle 2 of the 
Nephrotex simulation, affected the types of connections students made in their discourse 
because it supported deeper levels of engagement among students in their content-
specific discussions, yielded more elaborate and discipline-specific reasoning, and 
improved their knowledge structures as they engaged in their collaborative design 
  
201 
challenge (Michaels et al., 2008; Adamson et al. 2013; Resnick et al. 1993, 2013).  In 
turn, the differences in group’s epistemic networks can be interpreted as reflecting 
particular types of meaning making and characteristically different knowledge structures 
stimulated by increased use of APT in discourse, because it led to “pockets of intensive 
discussion” that occurred concurrent with, and around, its use in discourse (Adamson et 
al., 2014; Dyke et al., 2013).  Said another way, my analysis suggests that when groups 
engaged in talk that was more “academically productive” they were better able to 
integrate domain-specific knowledge and understandings into their design thinking 
because they were engaging in more critical and reasoned discussion. 
Next, I present a more detailed discussion of the findings from my analysis that 
found empirical evidence of a relationship between how!students talk (i.e., the syntactic 
function of contributions) and!what!they talk about (i.e., the semantic nature of those 
contributions) with regard to APT.  In particular, my analysis found that “when” and 
“how” APT mattered was different in terms of the development of a group’s engineering 
epistemic frame.   
“When” APT mattered in the Nephrotex simulation 
 
My analysis found that greater use of APT in design meeting discourse appeared 
to “matter” in the second half of the internship experience (i.e., Design Cycle 2) when 
students were converging on, and justifying, their final device designs for submission.  In 
Design Cycle 1, APT use in groups was not found to influence the types of epistemic 
connections they made in their design meeting discourse.  That is, the use of APT in 
group discourse affected a difference in groups’ development of an engineering epistemic 
frame only in design meetings in the second design cycle. 
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One plausible explanation for the difference in findings on “when” APT use 
appeared to matter may be explained, in part, by the nature of the work groups engaged in 
(i.e., task structure) in each design cycle and that reflect the design of the simulation 
experience (Blumenfeld et al., 1996; Rahman et al., 2010).  For instance, in the first 
Design Cycle, much of each group’s activity was focused on the sharing and discussion 
of the research conducted, and results obtained from device prototype testing, 
by individual team members.  In this light, and although groups made team-based 
decisions at the end of Conversation 2, the central work of the group could be said to be 
more reflective of how cooperative work is characterized in the literature (e.g., individual 
responsibility for a portion of the task; separate “solutions” at play; etc.) (Weinberger, 
2003; Hamalainen, 2006; Dillenbourg, 1999; Roschelle & Teasley, 1995; Soller et al., 
1998).  This is not to say that groups were not expected to collaborate or that the 
decisions they made were not expected to be driven by their group’s conversation, but 
that the focus of groups’ work was on incorporating what individuals brought to the 
conversation to develop group-level knowledge and understanding of the design problem. 
In contrast, the central work of groups in Design Cycle 2 could be interpreted to 
reflect activity that demanded more collaboration to be successful (e.g., mutual 
engagement; synchronized effort; developing a shared understanding and solution to a 
problem or task) as teams worked to coalesce around a body of findings they obtained in 
their Design Cycle 1 groups so as to come to consensus around a team decision for 
submission of their final device.  Viewed in this light, this suggests that the design team 
meetings in Design Cycle 2 were less exploratory and more about the refinement of 
devices in line with design constraints and the analysis of data from the performance 
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of previously prototyped devices.  As such, it makes sense that more collaborative 
discourse would be salient in terms of a group’s ability to better integrate critical domain-
specific connections in a way that enhanced the design of their final device in the 
internship.  Alternatively, it is also possible that the differences in these findings point to 
how some groups may have responded to increased stakes in the second half of the 
simulation by engaging in more collaborative discourse as they worked to make meaning 
of a greater amount of information at their disposal, and to be more precise in their 
conversations as they prepared their final devices for submission.   Yet another 
explanation is that the differences are a function of student experience over the course of 
internship.  This would suggest that some students may have gotten better over time at 
working in the simulated context as a member of a virtual design team, which 
in turn affected how their groups communicated. 
In the next section, I discuss these findings in more detail in terms of “how” APT 
mattered, specifically in the context of conversations in Design Cycle 2. As such, these 
findings should be interpreted with caution because APT was found to affect the 
epistemic discourse of groups only in this design cycle. 
 “How” APT mattered in the Nephrotex simulation 
 
My analysis found that the effects of more APT use in group discourse mattered 
in different ways within Design Cycle 2 (i.e., in Conversations 3 and 4) in that greater 
APT use affected the integration of different types of epistemic elements into students’ 
design thinking.  As above, these differences can be explained by the different foci (i.e., 
task structure) of each conversation in the arc of the simulation (Blumenfeld et al., 1996; 
Rahman et al., 2010).  First, I present a discussion of the unique findings for each 
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conversation, followed by a discussion of why the findings varied across conversations. 
Conversation 3 
 
My analysis found that APT moves accounted for 22% of all types of syntactic 
contributions in Conversation 3 - the only design team meeting when they were not the 
most prominent type of contribution.  This was an unexpected finding, though can be 
explained by the nature of the task in this phase of the design process.  In this 
conversation, groups needed to synthesize the data, findings, and consultant constraints 
brought to their new group in order to account for the range of materials and attributes 
they worked with in their first team in Design Cycle 1 (i.e., Design Cycle 1 groups 
worked with 1 of 5 possible materials, and incorporated different attributes based on 
consultants’ interests).  It therefore makes sense that Declaration moves (i.e., Present, 
Point of View, Inform, Activity) accounted for such a high proportion of conversational 
contributions in this conversation (35%), relative to other types, as students had a great 
deal of information to convey to their new team. 
Findings did indicate, however, that high APT use (> 29%) in this design team 
meeting supported those group’s development of a more robust “epistemic frame” as 
engineers, compared to other groups that used non-high degrees of APT (0% - 29%).  
More specifically, groups that engaged in more talk that was “academically productive” 
supported groups’ integration of what prior test results (i.e., data) about the performance 
of different materials and attributes suggested for the new group’s designs, as well as, 
how all of the consultant’s needs/interests should be considered to justify their 
forthcoming design decision. 
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This suggests that, in Conversation 3, greater APT use in groups may have served 
a unique function in this conversation that brought more nuanced, content-specific 
considerations into their design thinking as they worked collaboratively to synthesize the 
knowledge and understanding each group member acquired in their first group, to 
generate new and improved devices to meet a broader range of constraints in their new 
group.  This also suggests that when group members did not, for example, encourage 
their peers to explain their reasoning, or provide any of their own, their group was more 
likely to take the points of view, information and proposals put forth by their teammates 
at face value, resulting in less integration of the critical, domain-based connections 
related to data analysis and the consultant into their discourse.  That is, more APT in 
Conversation 3 led to more elaborate and reasoned discipline-specific discussion about 
the implications for, and efficacy of, design choices. 
My analysis also found that the effects of APT were associated with the level of 
experience (i.e., Novice or Advanced) of the players in this conversation.  In particular, 
regardless of level of APT use in groups, Advanced students evidenced less robust 
epistemic networks, in relation to APT use, than did Novice students in that they made 
fewer connections to epistemic elements related to data analysis, the consultant, and/or 
the client.  One explanation for this finding is that Advanced groups just made fewer 
references, overall, to these epistemic elements in this conversation.  This could mean 
that they accounted for them in other conversations, in off-line communication (i.e., chats 
send outside of the “room” structure of the simulation), and/or included them in shared 
notebook entries, which were not analyzed in this study.  Another explanation for these 
differences is that APT-style contributions may not have been particularly helpful for 
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Advanced groups with regard to whether they made connections between and among 
these epistemic elements in this conversation. This makes sense in light of prior findings 
reported by Dyke et al. (2013) and Adamson et al. (2014) which suggest that for more 
advanced learners, or learners working with material that is less challenging and/or or 
familiar to them, the effects of APT in their discourse are diminished.  Said another way, 
it is possible that Advanced students, compared to Novices, may have approached this 
conversation in a manner that suggests that they were already good at synthesizing 
information in ways that didn’t require more collaborative interaction to surface and/or 
integrate them into their design thinking.  As such, this implies that in the context of this 
one conversation, APT may have been particularly helpful for Novice students to 
integrate these epistemic elements into their design thinking, whereas it was not as 
necessary for Advanced students to do so.  
Conversation 4 
 
My analysis found that the median use of APT moves accounted for almost half 
(47%) of all types of contributions in Conversation 4.  Findings indicated that higher 
APT use (range: 47% - 75%) in this design team meeting, as a proportion of all types of 
utterances, supported group’s development of a more nuanced “epistemic frame” as 
engineers, compared to groups that used lower degrees of APT (range: 11%-46%), in one 
particular way.  Specifically, groups engaging in more talk that was “academically 
productive” supported the integration of considerations about the health and well-being 
of the client into their design thinking.  The implication of higher APT-use groups more 
frequently making such connections is that they were better able to focus on critical and 
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domain-based content connections to the client at a key phase of their design process, 
namely, when they were finalizing their “best” design for submission. 
One explanation for this is that the richer, more substantive interactions that 
resulted from increased APT use in groups may have pushed them beyond focusing on 
the technical specifications of their devices and how well they “tested,” and toward more 
nuanced considerations in their design thinking.  That is, students providing justifications 
for their positions and/or explaining the efficacy of ideas under consideration, for 
instance, may have helped their groups to more specifically addresses the implications for 
their design with regard to the client.  Relatedly, this also suggests that groups that relied 
more on declarative (i.e., student’s sharing opinions, presenting of information, or 
informing others about the details of their device specifications) or eliciting (i.e., seeking 
information from teammates) contributions were less effective at incorporating the client 
into their design thinking at the end of the simulation.  This difference is particularly 
noteworthy for groups’ design process in that it implies that groups that engaged in more 
collaborative discourse - in this final conversation – did a better job of keeping concerns 
related to the product’s end user (i.e., the client) in mind as they prepared to submit their 
final device for testing. 
My analysis also found that two group-level characteristics, gender-balance and 
contribution equality, were associated with the effects of APT use in groups in 
Conversation 4.  This can be interpreted to mean that in this conversation, the quality of 
interaction of lower APT use groups, in particular, was improved as a function of gender 
balance (heterogeneous group composition) and contribution equality in a way that 
facilitated more robust epistemic connections in their discourse, overall (Richmond and 
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Striley, 1996; Bear and Wooley, 2011; Van den Bossche et al., 2006; Webb et al., 1998; 
Wooley et al., 2010; Storch 2002; 2009; Weinberger and Fischer; 2006).  It was, 
however, surprising that these effects were only found in this one conversation.  
Therefore, these findings should be interpreted with a degree of caution as this study did 
not examine whether these group-level characteristics were associated with different 
types of epistemic connections in discourse in general, nor with APT use in Design Cycle 
1 conversations.  However, these findings also suggest a number of avenues for future 
investigation.  First, further study could investigate whether gender-balance and/or 
contribution equality are related to the nature and quality of epistemic discourse in 
general.  Second, future research could consider whether particular activities in the 
simulation may be better suited to conversations that are more or less facilitated as a 
means of obtaining the objectives of different tasks at different points in the internship 
(i.e., Do specific conversations benefit from more or less contribution equality?).  Finally, 
an intervention-based study could investigate the effects of less random group assignment 
in the simulation by intentionally distributing female students across groups.  
It is also important to note that there was one group-level association that I was 
surprised did not play out in my analysis, given that it is reported in a number of prior 
studies that examined factors that influence group conversational interaction in game-
based environments.  Specifically, research has shown that students’ personal 
perspectives (i.e., prior attitudes, perceptions, dispositions, etc.) influence their social, 
collaborative interaction in simulated environments (c.f., Bluemink et al., 2010; 
Kritzenberger, 2012; Giannakos, 2013; OECD, 2013).  In my analysis, however, student 
perspectives (i.e., sense of self efficacy, commitment, confidence) were not found to be 
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associated with the use of APT in Nephrotex design team meeting discourse.  One 
explanation for this is that such perspectives may not influence the use of APT in 
discourse.  It is also possible that student’s perspectives may have played a role on the 
outcomes of their group’s collaborative activity in ways unrelated to their group’s use of 
APT, and which were not considered in the design of this study.  A final explanation is 
that the measures I used to characterize student perceptions (i.e., group average of 
individual student perceptions) were weak constructs and insufficient for detecting any 
associations.  Future studies, using different constructs all together, or ones designed to 
account for the relationship between individual student perspectives and the use of APT, 
could explore this topic in greater detail. 
APT and the integration of different human-centered design constraints 
 
What is consistent in the findings, discussed above, for Conversations 3 and 4 is 
that increased use of APT in group discourse was found to be related to more robust 
epistemic networks with regard to integrating human-centered design constraints related 
to the client and the consultant.  This is an important finding because these epistemic 
elements occurred relatively infrequently in student discourse, being evident in only 0.9% 
and 1.8% of utterances, respectively, in Design Cycle 2.  What this points to is that APT 
appears to have been an effective strategy that supported groups’ incorporation of these 
rare epistemic elements into their design thinking, in the second phase of the design 
process.  The difference in which constraint was better integrated into group’s design 
thinking in each conversation, however, suggests that the effects of APT varied as a 
function of the focal work in each design meeting. 
  
210 
The shift in effect of APT on the incorporation of the consultant in Conversation 
3 to the client in Conversation 4 can be interpreted in the following way.  In Conversation 
3, groups were tasked with building their knowledge and integrating the findings 
collected by students in their Design Cycle 1 groups about how different design materials 
and device attributes tested in relation to consultants’ interests in order to prototype new 
and more complex devices for testing.  It therefore makes sense that more collaborative 
interaction would yield a better integration of the consultant into their design thinking, as 
higher APT use groups spent more time engaged in critical and effective discourse. 
In contrast, the focal work of the group was different in Conversation 4.  In this 
activity, groups were expected to consider the results of how their newly tested devices 
performed in order to come to consensus on a single, final device that would best satisfy 
the design constraints with regard to the interests of the consultants and the needs of the 
client.  In this conversation, greater or lesser use of APT was not related to how well 
groups integrated the consultant and data analysis in their design thinking - groups had 
already synthesized their knowledge of prior performance data and understandings of 
various consultants’ interests prior to this conversation.  The shift in how APT affected 
epistemic discourse to focus on the client in this conversation therefore makes sense 
because it suggests that more elaborate, discipline-specific reasoning in Conversation 4 
supported groups’ surfacing and accounting for the health and well being of the client in 
the specifications for their final device submission in the simulation. 
Summary 
 
 In this study, I coupled two approaches to examine student discourse.  The first 
approach was ENA, which measures of the amount and the quality (i.e., kind) of 
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epistemic integration (i.e., the semantic nature of student utterances; “what” students talk 
about).  The second approach was APT, which characterizes collaborative conversational 
contributions (i.e., the syntactic nature of student utterances; “how” students talk).   As 
discussed above, my analysis about the relationship between how students talk (i.e., 
syntactic contributions) and what they talk about (i.e., semantic contributions) is 
generally consistent with reports in the literature that suggests that APT supports: (1) 
increased depth of student engagement and interactivity; (2) the development of richer 
knowledge structures; and (3) improvements in the overall collaborative nature of student 
discourse in CSCL environments.  However, my findings also expand upon this literature 
in a number of ways, and will be discussed in what follows.  
 While prior studies report that APT is an effective support for collaborative 
learning in general (Adamson et al., 2014; Hamalainen, 2006; Weinburger et al., 2005), 
this study presents evidence that APT was an effective support for a particular aspect of 
collaborative learning, namely the degree to which it facilitated the development of a 
more robust epistemic frame of engineering practice (i.e., better integration of complex, 
discipline-specific knowledge and understanding, as measured by ENA, in their 
discourse).  As such, my findings also suggest that because increased use of APT in 
discourse was found to be an effective measure of more integration of particular 
epistemic elements in discourse, APT is a syntactic mechanism through which ENA can 
also be interpreted (i.e., why the observed amount of content integration in discourse 
occurs). 
This study also extends and contributes to knowledge in the field regarding the 
effects of APT in a game-based, simulated learning environment, a CSCL context not yet 
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examined in the literature.  Therefore, my findings extend prior research about the effects 
of APT by presenting evidence that there was a relationship between the use of APT and 
the learning of, and knowledge structures developed by, groups through discourse in the 
situated, social activity of the Nephrotex simulation.  From a socio-cognitive perspective, 
this is an important finding because it suggests that the group was an appropriate unit of 
analysis in the study of a particular type of social interaction on the outcome of 
collaboration (Stahl, 2006; Dillenbourg et al., 1996; Dillenbourg, 1999). 
Similarly, my analysis also contributes to the existing literature on the effects of 
APT on student outcomes in that the only metrics used in prior studies were gains in 
learning based on pre/post test scores (Chaudhuir et al., 2009; Ai et al., 2010; Kumar et 
al., 2010).  As such, my findings expand upon this literature to suggest that non-
traditional measures of learning can also be used to evaluate the effects of APT in student 
discourse, such as the development of an epistemic frame.  Lastly, the use of the APT 
framework in practice and research is most commonly done in a scripted context (i.e., 
students and/or facilitators are tasked with using the framework), and research on APT 
has primarily focused on the use of specific moves in the APT framework in controlled-
intervention studies.  Therefore, this analysis contributes to the literature about APT 
because it suggests that the general use of APT in discourse (i.e., how much of discourse 
was characterized as APT in nature), in a non-scripted/un-prompted context, yielded 
particular types of meaning making and characteristically different knowledge structures 
in student discourse. 
 My analysis is also consistent with prior research conducted with data specifically 
from the Nephrotex simulation that reports that chat-log data of student discourse was 
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effective at assessing the attainment of educational outcomes in relation to ABET (2011) 
criteria (Chesler et al., 2013), from which the epistemic coding used in this analysis was 
partly derived.   My analysis expands upon these findings because the use of APT, in 
particular, was found to yield a better integration of a number of these outcomes in 
student’s discourse.  This suggests that, as a particular type of discursive interaction, APT 
could be used as a way to codify student’s ability to demonstrate key student outcome 
criteria outlined by ABET (2011), such as the analysis and interpretation of data (i.e., 
data analysis), accounting for needs and constraints imposed on their design process (i.e., 
consultant), and engaging in a design process that considers constraints related to the 
health and safety of the end user of the product (i.e., the client). 
Lastly, my findings also contribute to the expanding literature about the efficacy 
of epistemic games, in general, which has identified relationships between epistemic 
discourse and a number of different outcomes such as civic engagement, increased 
content learning, social identity formation, and changes in views of careers in engineering 
(Nash et al., 2012; Chesler et al., 2013; Arastoopour et al., 2013; Arastoopour et al., 
2012).  Therefore, this analysis extends these findings to suggest that the relationship 
between epistemic discourse (i.e., semantic contributions) and the aforementioned 
outcomes may also be related to how students talk  (i.e., syntactic contributions) in the 
simulation.  This is an area that future design-based research could explore in greater 
detail by controlling for particular types and/or frequencies of interaction as they relate to 
APT, or the other types of talk identified in this analysis (i.e. Declarations, Proposals, 
Eliciting, Administrative). 
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5.8 Implications 
 
Beyond those already discussed, the findings from my analysis reported above 
suggest a number of additional implications for practice with regard to APT and 
epistemic games specifically, as well as areas for future research to explore.  Firstly, 
although the Nephrotex environment is mildly facilitated by mentors, there are no pre-
established guidelines regarding how students should organize themselves for engaging in 
conversation (i.e., no role establishment, etc.) or interact in their groups.  Therefore, one 
implication for practice implied by my findings is that students could learn how to 
strategically use APT in their discourse as a way to interact with content and materials in 
more complex ways.  This learning could occur prior to, or be embedded in, the 
simulation experience.  Future research could test the efficacy of such an approach to 
determine if the intentional incorporation of the APT framework into the architecture of 
the simulation experience yields improvements in engagement and collaborative 
interaction, and, ultimately, outcomes in a way that helps students to become better 
designers and engineers. 
Relatedly, a second implication has to do with the ongoing development of 
mentor scripts, whether automated or in real-time, that could prompt students to use 
APT-style moves in discourse in the simulation.  Simulation designers could consider the 
findings from this analysis as they further develop and refine the mentor scripts used in 
the game environment to include the explicit introduction of APT-style facilitation moves 
and/or ways of encouraging students to use such moves.  Future research, using a 
controlled intervention study, could test whether the intentional use of APT scripts in the 
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simulation would yield more robust, or different types of, epistemic connections in 
student discourse.  
Third, although my findings indicated that APT affected epistemic discourse, they 
are limited in a number of ways that warrant further investigation.  One limitation is that 
effects were only detected in the second design cycle of the simulation (i.e., in only two 
of the four conversations analyzed).  A second limitation is that my study only examined 
data from one epistemic game.  As such, it is possible that the effects found in my 
analysis may be unique to the Nephrotex simulation or to the content of engineering.  A 
third limitation is that the design of my study did not account for other sources of data 
about student performance in the simulation such as individual notebook entries or the 
evaluation of their final products.  Therefore, future research should explore whether: (1) 
APT affects collaborative outcomes in other epistemic games specifically, and/or other 
types of simulations more broadly, (2) the effects of APT differ by the focal content or 
the type of the simulation, and (3) accounting for the quality of group’s final device and 
epistemic evidence in student notebooks would explain the observed effects of APT in 
student discourse. 
Finally, my analysis suggested that differences in group’s epistemic networks 
with regard to the use of APT were, in part, a function of more intensive discussion 
spurred on by the use of APT-style contributions in discourse.  Future research should 
examine this dynamic in greater detail to provide better understandings about whether, 
and if so how, the introduction of APT-style contributions by a student, or students, in 
design meeting discourse encourages further APT-style contributions by other members 
of the group in subsequent moments of discourse.  To do so, such research should 
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consider much smaller units of analysis (i.e., 5-6 subsequent utterances in sequence) than 
were used in my own analysis (i.e., the entirety of the conversation).  Relatedly, new 
research could investigate whether specific APT moves, or sequences of moves, that 
occur endogenously in conversation are more pivotal than others for triggering the kinds 
of intensive, critical interactions that lead to better epistemic integration. 
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Chapter 6 
Research Question Three (RQ3) 
Do students have a higher probability of reporting a positive change in their 
attitudes and perceptions toward engineering when they are in a group, or groups, that 
engage in higher proportions of Academically Productive Talk in their discourse during 
design meetings (vs. those in a group, or groups, that engage in lower proportions)? 
What, if any, individual- and/or group-level characteristics are associated with a positive 
change in attitudes and perceptions toward engineering? 
6.1 Overview  
 
As described in Chapter 3, students who participated in the Nephrotex virtual 
internship responded to survey questions administered before and after the simulation38.  
Questions in the survey included items that asked students to consider their associations 
with engineering careers, their perspectives and beliefs related to the work, characteristics 
and proclivities of engineers, and their commitment to pursuing a career in engineering.  
A subset of these questions (n=6) was identified for use in this study, and they were 
combined in three slightly different ways (see Table 6.1, below). 
The first approach was to create a composite measure, comprised of all six survey 
items, that was intended to reflect a student’s overall sense of self-efficacy (SELFEFF) 
related to a career in engineering.  The second approach was to focus on the single 
question that indicated a student’s level of commitment (COMMIT) to pursuing a career 
                                                
38 As presented in Chapter 3, my analysis of the missing data suggested that excluding students who did not 
complete post-survey items on the Confidence (87% response rate) or Commitment (89% response rate) 
measures would not bias the results of my final analysis.  
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in engineering.  The third approach was to take the average of the student’s scores on five 
survey items that asked about the student’s confidence (CONFID) in his/her skills and 
abilities related to the work of engineers. 
Table 6.1 
 
Summary of survey items and their associated variables in this analysis 
 
  Variable(s) 
Survey Item  Item Scale 
Self-Efficacy 
(SELFEFF) 
Confidence 
(CONFID) 
Commitment 
(COMMIT) 
     
A degree in engineering will 
allow me to get a job where I 
can use my talents and 
creativity.  
1-5  ! !  
I feel confident in my ability to 
succeed in engineering. 
1-5 ! !  
Someone like me can succeed in 
an engineering career. 
1-5 ! !  
Creative thinking is one of my 
strengths. 
1-5 ! !  
I am good at designing things. 1-5 
 
! !  
How committed are you to a 
career within engineering? 
1-8 !  ! 
 
As a first step in addressing this research question, I examined whether there were 
differences in students’ responses on the three summary variables before and after the 
simulation experience.  Results using t-tests revealed that there were no significant 
differences (!-level, p<.05) between the means of students’ pre- and post-scores on the 
self-efficacy, confidence, or commitment measures (see Table 6.2, below).   This 
suggests that, without accounting for any other factors, students did not experience a 
change in their sense of self-efficacy, their commitment to pursuing a career in 
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engineering, or in their confidence in their abilities as engineers, as a result of engaging 
in the simulation. 
Table 6.2 
 
Summary of t-test results comparing student pre- and post-survey scores 
 
 
Mean Standard Deviation Test Statistics 
Variable Pre- Post- Pre- Post- t df p-value 
 
Self-Efficacy (PC1) 
(standardized mean of 6 items) 
0.02 -0.02 1.67 1.90 0.3910 237 0.70 
Confidence 
(mean of 5 items; scale is 
1=low to 5=high) 
4.08 4.07 0.49 0.53 0.0268 238 0.98 
Commitment 
(one item; scale is 1=low to 
8=high) 
6.40 6.44 1.47 1.71 -0.5467 242 0.59 
 
What these data also show is that both prior to and after playing Nephrotex, 
students, on average: (1) were more committed to pursuing a career in engineering than 
not (means of 6 on a scale from 1 to 8); (2) were fairly confident in their skills and 
abilities as engineers (means of 4 on a scale from 1 to 5); and (3) had generally strong 
levels of self-efficacy (i.e., both their confidence in their abilities as engineers and their 
commitment to pursuing a career in engineering).  
 Therefore, to answer this research question, I first analyzed student's pre- and 
post-survey responses to generate categorical outcome variables indicating if there was 
any positive change (1=yes, 0=no) in a student’s self-efficacy (CHNGE_SELFEFF), 
confidence (CHNGE_CONFID), and/or commitment (CHNGE_COMMIT).  Following 
this, I fit a series of logistic regression models to test the significance (!-level, p<.05) of 
participation in groups with higher APT use, controlling for particular individual 
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characteristics (e.g., pre survey scores, level of experience, etc.), and group 
characteristics (e.g., equality of contribution, gender balance, etc.), on the probability that 
a positive change in a student's self-efficacy, confidence, and commitment toward 
engineering would occur.  
6.2 Analysis of results 
Results of logistic regression analysis to address research question three indicated 
that there is no evidence to suggest a relationship between students’ participation in 
groups that engaged in higher proportions of Academically Productive Talk in design 
team meetings in Nephrotex and students’ reporting a positive change in their confidence 
as an engineer, their commitment to pursuing a career in engineering, or their sense of 
self-efficacy in engineering.  These findings persisted even when controlling for 
individual- and group-level characteristics, pre- and group-level survey scores, and other 
types of talk, in the regression models.  Tables 6.3, 6.4, and 6.5 (below) summarize 
representative logistic regression analyses conducted for each of the three outcomes 
described above.  
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Table 6.3 
 
Results of representative logistic regression analyses of a positive change in student’s 
self-reported self-efficacy (SELFEFF) after the Nephrotex simulation (n=239) 
Independent Variable b se z P>z 
95% Confidence 
Interval 
Model One 
      H139 Group APT use -0.71 1.79 -0.39 0.694 -4.221 2.808 
H2 Group APT use 1.76 1.65 1.07 0.285 -1.468 4.997 
Constant -0.19 0.88 -0.22 0.825 -1.921 1.532 
       Model !2 = 1.19 (p = 0.55) 
      Pseudo R2 = 0.0036 
      
       Model Two 
      H1 Group APT use -1.91 2.05 -0.93 0.352 -5.935 2.113 
H2 Group APT use 0.94 1.78 0.53 0.597 -2.546 4.428 
Level of Experience 0.45 0.36 1.25 0.21 -0.253 1.146 
Gender 0.02 0.32 0.06 0.954 -0.601 0.638 
Constant 0.27 1.02 0.27 0.79 -1.722 2.264 
       Model !2 = 2.79 (p = 0.59) 
      Pseudo R2 = 0.0084 
      
       Model Three 
      H1 Group APT use -1.87 2.15 -0.87 0.386 -6.083 2.350 
H2 Group APT use 0.88 1.79 0.49 0.624 -2.628 4.379 
H1 Group Contribution 
Equality 0.00 0.02 0.06 0.954 -0.037 0.039 
H2 Group Contribution 
Equality 0.02 0.02 0.82 0.411 -0.027 0.065 
H1 Group Gender Balance 0.02 0.72 0.03 0.978 -1.386 1.427 
H2 Group Gender Balance -0.47 0.78 -0.6 0.546 -1.992 1.054 
Level of Experience 0.37 0.38 0.98 0.328 -0.369 1.104 
Constant 0.45 1.29 0.35 0.729 -2.079 2.971 
       Model !2 = 3.88 (p = 0.79) 
      Pseudo R2 = 0.0117 
      Note:  The dependent variable in this analysis was coded so that 0 = no positive change 
and 1 = positive change. 
                                                
39 H1 = Design Cycle 1; H2 = Design Cycle 2 
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Table 6.4 
 
Results of representative logistic regression analyses of a positive change in student’s 
self-reported commitment (COMMIT) after the Nephrotex simulation (n=239) 
Independent Variable b se z P>z 
95% Confidence 
Interval 
Model One 
      H1 Group APT use 1.69 1.93 0.87 0.382 -2.092 5.463 
H2 Group APT use 0.86 1.76 0.49 0.624 -2.588 4.315 
Constant -1.75 0.96 -1.83 0.068 -3.637 0.129 
       Model !2= 1.2 (p = 0.55) 
      Pseudo R2 = 0.004 
      
       Model Two 
      H1 Group APT use 0.76 2.18 0.35 0.727 -3.511 5.035 
H2 Group APT use 0.17 1.91 0.09 0.93 -3.569 3.903 
Level of Experience 0.39 0.39 1.02 0.309 -0.365 1.153 
Gender 0.24 0.35 0.7 0.486 -0.437 0.919 
Constant -1.60 1.10 -1.45 0.147 -3.755 0.560 
       Model !2= 2.8 (p = 0.59) 
      Pseudo R2 = 0.0093 
      
       Model Three 
      H1 Group APT use 1.33 2.29 0.58 0.563 -3.165 5.817 
H2 Group APT use 0.07 1.93 0.03 0.972 -3.716 3.849 
H1 Group Contribution 
Equality -0.01 0.02 -0.68 0.497 -0.055 0.027 
H2 Group Contribution 
Equality 0.04 0.02 1.76 0.078 -0.005 0.090 
H1 Group Gender Balance 0.44 0.77 0.58 0.565 -1.068 1.956 
H2 Group Gender Balance -0.16 0.83 -0.19 0.85 -1.779 1.465 
Level of Experience 0.19 0.41 0.47 0.637 -0.610 0.996 
Constant -2.01 1.39 -1.44 0.149 -4.739 0.720 
       Model !2 = 5.68 (p = 0.58) 
      Pseudo R2 = 0.0188 
      Note:  The dependent variable in this analysis was coded so that 0 = no positive change 
and 1 = positive change. 
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Table 6.5 
 
Results of representative logistic regression analyses of a positive change in student’s 
self-reported confidence (CONFID) after the Nephrotex simulation (n=234) 
Independent Variable b se z P>z 
95% Confidence 
Interval 
Model One 
      H1 Group APT use 0.45 1.84 0.24 0.807 -3.149 4.045 
H2 Group APT use 1.04 1.67 0.62 0.533 -2.237 4.321 
Constant -0.85 0.90 -0.94 0.348 -2.622 0.925 
       Model !2 = 0.52 (p = 0.77) 
     Pseudo R2 = 0.0016 
      
       Model Two 
      H1 Group APT use -0.75 2.09 -0.36 0.721 -4.838 3.347 
H2 Group APT use 0.20 1.81 0.11 0.912 -3.346 3.746 
Level of Experience 0.47 0.37 1.27 0.203 -0.251 1.185 
Gender 0.14 0.33 0.42 0.678 -0.503 0.774 
Constant -0.49 1.04 -0.47 0.636 -2.528 1.545 
       Model !2= 2.39 (p = 0.67) 
     Pseudo R2 = 0.0075 
      
       Model Three 
      H1 Group APT use -1.16 2.20 -0.53 0.599 -5.473 3.159 
H2 Group APT use 0.10 1.81 0.06 0.954 -3.452 3.660 
H1 Group Contribution 
Equality 0.01 0.02 0.72 0.474 -0.025 0.054 
H2 Group Contribution 
Equality 0.00 0.02 0.18 0.861 -0.042 0.050 
H1 Group Gender Balance -0.15 0.73 -0.21 0.835 -1.590 1.284 
H2 Group Gender Balance -0.70 0.79 -0.88 0.377 -2.253 0.853 
Level of Experience 0.47 0.39 1.22 0.223 -0.286 1.227 
Constant 0.22 1.31 0.17 0.868 -2.357 2.794 
       Model !2= 3.88 (p = 0.79) 
     Pseudo R2 = 0.0122 
      Note:  The dependent variable in this analysis was coded so that 0 = no positive change 
and 1 = positive change. 
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6.3  Discussion & Implications 
 
This study set out to test two hypotheses related to the effects of Academically 
Productive Talk (APT) on a change in students’ attitudes and perceptions in relation to 
engineering.  First, I hypothesized that students who were members of a group, or groups, 
which used higher proportions of APT in their discourse would show a positive change in 
their attitudes toward engineering.  I further hypothesized that individual- (e.g., level of 
experience, gender, degree of participation, etc.) and group-level (e.g., contribution 
equality, gender-balance, etc.) characteristics would be associated with such changes in 
student’s attitudes.  As presented above, my analysis found no evidence to suggest that 
students who participated in groups that engaged in more collaborative discourse, as 
evidenced by APT, reported a positive change in their attitudes in relation to engineering 
with regard to their confidence, commitment or self-efficacy.   
There are a number of possible explanations for these null findings, as well as 
implications for future research.  First, these findings are not surprising given that there 
were no significant differences, on average, between student’s pre- and post-survey 
responses on these measures to begin with (see Table 6.1, above).   However, my 
hypotheses were reasonable in the context of the research discussed in Chapter 2.  In 
particular, prior studies have indicated that student’s attitudes and perceptions at the onset 
of their experiences in game environments affect their experience in the game, the social 
interaction of groups, and collaborative activity (c.f., Bluemink et al., 2010; 
Kritzenberger, 2012; Giannakos, 2013; OECD, 2013).  However, my findings cast doubt 
on the validity of my original hypothesis by suggesting that the relationship between 
student’s attitudes and perceptions and the nature of their group’s social interaction is 
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unidirectional.  Said another way, while prior research has established that attitudes and 
perceptions affect player experience and the nature of their social interaction, my findings 
indicate that the type of conversational experience students have, as codified in this study 
by APT, is not a strong enough factor to influence a change in their confidence, 
commitment or self-efficacy in relation to engineering. 
Second, it is possible that collaborative discourse, as codified by APT, does not 
influence a change in student’s attitudes about their relationship with the domain of 
interest.  Future research could continue to test this assumption by, for instance, 
incorporating more refined and/or different measures of collaborative experience in 
groups to test whether how groups talk influences students’ attitudes.   
Third, these results may be interpreted to mean that the degree to which students 
experience, or participate in, groups that engage in more collaborative discourse, however 
codified, does not particularly influence their attitudes.  Relatedly, is also possible that a 
change in attitudes, as they were measured in this study, take longer to appear in relation 
to a student’s experience in such groups.  This suggests that: (1) other factors influence a 
change in attitudes more directly, as prior research using data from Nephrotex has found 
(c.f., Arastoopour et al., 2012; 2013; 2014); and/or (2) the duration of the virtual 
simulation is not long enough for such a change to occur, if at all. 
 Fourth, it is also possible that my hypothesized relationship was not evident in 
this particular simulation, or with the specific field of practice simulated in the game (i.e., 
engineering).  As such, future research using data from other simulated environments 
and/or in relation to other areas of study may identify a relationship between a student’s 
participation in a group that uses more collaborative discourse and a change in their 
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attitudes.  
Finally, I may have obtained the results reported above because the measures I 
generated were not effective.  Said another way, there may have been changes in student 
attitudes that were not detected by the subset of survey questions used to create the 
outcome variables for use in this study.  For instance, there may be more effective ways 
to measure students’ attitudes that would be more sensitive to change in relation to how 
they experience group discourse (i.e., the items used in this analysis may be ill-suited for 
this purpose).   Alternately, although the survey questions used in the Nephrotex 
simulation have been validated in prior studies (see Arastoopour et al., 2014), using a 
reduced set of the survey items may have rendered the effects of interest in this study 
undetectable.  Additionally, it is also possible that my subjective determination about 
which survey items to exclude (i.e., questions whose responses were more likely to 
reflect students’ actual, inherent beliefs vs. perceived beliefs that may have arisen from 
external pressures, etc.) may have been flawed.  As such, future studies could use a more 
rigorous approach to the selection of survey items against which to test my hypotheses. 
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Chapter 7 
Conclusion 
Based on the results and discussions of data analyses presented in Chapters 4, 5, 
and 6, the concluding chapter of this dissertation is organized as follows.  I first present a 
summary of this study and the findings from each research question.  Next, I address the 
potential threats to validity that should be considered when interpreting the findings 
presented in this study.  Following this, I present a summary of the areas that future 
research should consider suggested by these findings.  I then discuss the broad 
contributions this study makes to the field of research and practice.  Finally, this chapter 
closes with brief concluding remarks. 
7.1 Summary of study and findings 
 
This study set out to examine the effects of collaborative discourse in a group 
problem-solving task within a serious game environment in order to better understand 
how to improve and extend the affordances these types of environments provide to 
support collaborative learning.  Using data collected from a sample of 273 students, 
organized into 110 unique design groups, in the virtual simulation of engineering 
practice, Nephrotex, this study proposed three research questions, corresponding 
hypotheses, and a theoretical model to examine the relationships between epistemic (i.e., 
semantic) discourse, collaborative (i.e., syntactic) discourse, and student’s attitudes and 
perceptions.  To address my three research questions, I focused on one type of 
collaborative conversational interaction, Academically Productive Talk (APT), and its 
relationship with substantive, discipline-specific qualities of group discourse using 
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Epistemic Network Analysis (ENA).  Prior to addressing the research questions, I applied 
a conversational-move coding scheme to the discourse data from the simulation after 
obtaining an appropriate level of inter-rater reliability with my co-rater.  A discussion of 
findings and their implications related to Research Question 1 (RQ1), Research Question 
2 (RQ2), and Research Question 3 (RQ3) were presented in Chapters 4, 5, and 6, 
respectively.  In what follows, I briefly summarize these findings. 
In Chapter 4, I presented and discussed my findings for RQ1, which hypothesized 
that there would be unique epistemic frame elements associated with different APT 
conversational moves in design team meeting discourse in the Nephrotex virtual 
internship.  To test this hypothesis, I regressed each of the 20 possible epistemic outcome 
variables (i.e., semantic evidence of epistemic elements in student utterances) on the 
predictor variables drawn from the coding of discourse that characterized the syntactic 
contributions (i.e., conversational moves) found in design meeting discourse.  I then 
calculated and interpreted the average marginal effects (i.e., practical effects) of all 
moves (predictors) found to be significantly associated with each of the 
epistemic elements (outcomes). Findings indicated that a number of APT moves, 
compared to other types of conversational moves, served different 'functional’ roles in 
discourse with regard to yielding evidence of different types of epistemic outcomes.  In 
particular, my findings showed that outcomes most uniquely associated with a number of 
APT moves (i.e., Share Reasoning, Restate, Add More, Explain, and Challenge) were 
those related to human-centered design constraints that students needed to consider in the 
completion of their design problem, namely those related to considerations of “the client” 
and “the consultant”.   This finding is noteworthy because evidence of such 
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considerations in student contributions were among the most infrequent epistemic 
elements evident in design team meeting discourse.  In other words, the use of those APT 
moves in discourse were more likely than any other type of move to give rise to the 
inclusion of “the client” and “the consultant” in a student’s contribution.  This suggested, 
for instance, that encouraging students to use the aforementioned APT moves in their 
discourse may support their development of more robust epistemic frames with regard to 
including these epistemic elements.  
In Chapter 5, I presented and discussed my findings for RQ2, which hypothesized 
that groups with higher proportions of APT in their discourse would make connections in 
their discourse: (1) to more epistemic frame elements (i.e., larger networks, with a greater 
variety of connections); and (2) among more epistemic frame elements (i.e., denser 
networks, with a greater number of connections).  To test these hypotheses, I conducted 
ENA, and qualitatively reviewed the discourse data, to examine the record of each 
group’s discourse as the students collaborated to solve a complex engineering design 
problem.  My findings indicated groups that used more APT in their discourse achieved 
better knowledge integration, though this varied in terms of how and when such 
integration occurred.  In particular, groups that used more APT-style contributions in 
their discourse in the second design cycle (i.e., Conversations 3 and 4) of the virtual 
internship made more critical, domain-specific (i.e., epistemic) connections in their 
discourse as they collaborated on the completion of their task.  The differences in these 
connections were reflected in the density and size of group’s epistemic networks (as 
evidenced through ENA) and in the discourse data (reviewed qualitatively).  More 
specifically:  (1) greater APT use by groups in Conversation 3 resulted in a better 
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integration of the consultant (i.e., his/her needs, interest, and expectations) and of data 
analysis (i.e., knowledge, skill, and epistemology) into their design thinking; and (2) 
greater APT use by groups in Conversation 4 resulted in a better integration of the client 
(i.e., the patient’s wellbeing, health, comfort and/or safety).   
Taken together, the findings for research questions one and two found empirical 
evidence of a relationship between how students talk (i.e., the syntactic function of 
contributions) and what they talk about (i.e., the semantic nature of those contributions) 
with regard to APT.  In addition, this relationship was particularly salient with regard to 
whether the relatively low occurring epistemic elements of the client and the consultant 
were present in student contributions, and in turn, better integrated into student’s design 
thinking.  These findings suggested that there may be benefits to: (1) students learning, 
prior to playing Nephrotex, how to strategically use APT in their discourse as a way to 
interact with content and materials in more complex ways; and/or (2) simulation 
designers enhancing the in-game mentor scripts to include the explicit introduction of 
APT-style facilitation moves and/or ways of encouraging students to use such moves. 
Finally, in Chapter 6 I presented and discussed my findings for RQ3 that 
hypothesized being in a group, or groups, which used higher proportions of APT in their 
discourse would affect a positive change in a student’s attitudes toward engineering.  To 
test this hypothesis, I fit a series of logistic regression models to test the significance of 
participation in groups with higher APT use, controlling for individual- and group-level 
characteristics, on the probability that a positive change in a student's self-efficacy, 
confidence, and commitment toward engineering would occur.  My analysis found no 
evidence to suggest that students who participated in groups that engaged in more 
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collaborative discourse, as evidenced by APT, during design team meetings in Nephrotex 
reported a positive change in their confidence as an engineer, their commitment to 
pursuing a career in engineering, or their sense of self-efficacy in engineering.  These 
findings suggested that caution should be taken in claiming that engaging in effective 
collaboration, even in an authentic simulation, will give rise to increases in a student’s 
confidence, commitment and self-efficacy in a profession. 
7.2 Threats to validity 
 
As with any investigation, my study raises questions about potential threats to 
validity, which give rise to caution in the interpretation of results.  The first is that my 
findings are only representative of students who engaged in the Nephrotex simulation 
during the implementations from which I analyzed data.  As such, my results may not be 
generalizable to the experience of students who have played Nephrotex in other 
implementations, to other epistemic games, to simulations in general, or to the population 
of engineering students. That said, the sample used in this study is representative of the 
target group for learning via Nephrotex. Second, I cannot rule out that there may have 
been other factors contributing to my results.  Some of these may be factors in the dataset 
not used in this analysis due to restrictions of time and scope (e.g., isolated sequences of 
micro-interactions; notebook entries; final prototype evaluations) or that lie outside the 
game itself regarding individual students.  
For instance, my analysis of group discourse was solely based on the record of 
what students contributed to the conversations and team design processes through the 
embedded chat interface.  As such, the findings of this study do not account for the 
knowledge, insights, thoughts, perspectives, beliefs, etc. of students if they did not enter 
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them into the chat interface during design team meeting.  For example, if a student 
emailed their teammates individually, or engaged in off-line and/or in-person 
conversations, such communication was not accounted for in ENA. That said, these are 
unlikely factors to produce the effects described, as they potentially were equally present 
in the groups that used less APT in their discourse. 
It is also possible that students who play interactive games or simulations in their 
free time are more comfortable using the format of synchronous online discourse, or even 
working collaboratively with others in an online format.   Furthermore, I do not know the 
opinions of students regarding the efficacy of learning in this type of environment, nor 
their level of interest.  It is therefore also possible that a student who believes 
collaboration is better suited in face-to-face contexts may have only participated to a 
minimal degree, or that some groups included students who were systematically 
disengaged and/or uninterested in the project. 
Additionally, the qualitative nature of coding syntactic discourse may be subject 
to my own assumptions and biases, or those of my co-rater.  I attempted to counteract the 
influence of this potential bias through the design of my study, as described in Chapter 3, 
by obtaining an acceptable level of inter-rater reliability, along with the recursive review 
of data with my co-rater in the analytical process.  I also sought the insight and support of 
my ad hoc committee, HGSE faculty, and colleagues throughout the analytic process in 
order to test my assumptions and challenge my thinking. 
Lastly, it is important to note two additional, and related, limitations - one 
methodological and the other interpretive – that future research should address.  The first 
limitation has to do with a potential flaw in the analytical approach used to address 
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research question one.  In particular, although my analysis used logistic regression to 
model the relationship between APT moves and epistemic outcomes for each 
conversation (i.e., 1, 2, 3, and 4) in the sample, the analysis did not control for which 
conversation the student contribution occurred in.  Neglecting to do so may have 
introduced a threat to the internal validity of my study.  This methodological limitation, 
however, may also provide a plausible explanation for an interpretive limitation. 
Although the findings for research questions one and two, considered side-by-
side, presented broadly aligned evidence about the effects of APT in student discourse, 
they did not necessarily coincide at the level of when such effects were found.  For 
instance, as presented in Chapter 5 (RQ2), groups that used higher proportions of APT in 
their discourse were found to better integrate “the client” into their design thinking in 
Conversation 4.  However, as presented in Chapter 4 (RQ1), although the use of four 
APT moves (i.e., Challenge, Share Reasoning, Add More, Explain) were found to be 
uniquely associated with evidence of “the client” appearing in student contributions, they 
were not found to be so in Conversation 4, specifically. 
On the one hand, this incongruity is not surprising because the analyses for 
research questions one two were conducted independently, and the findings from the 
former were not designed to frame the investigation of the latter (even though they 
utilized the same baseline data).  That is, research questions one and two were formulated 
to address different gaps in the literature, to test different hypotheses, and utilized 
different methods.  On the other hand, this limitation to making sense of the findings 
from each investigation, when they are considered concurrently, suggests that future 
research is warranted to better understand the relationship between which and when APT 
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moves are predictive of particular epistemic outcomes, and how the use of those moves, 
in concert with other APT moves, influences the connections students make to and 
among different epistemic elements.  For example, a future study that addresses the 
design flaw discussed above could leverage new findings related to research question one 
to refine and test, using ENA, whether, and if so how, subsets of APT moves affect 
epistemic integration in discourse.  Further implications for future research are discussed 
in the following section. 
7.3 Implications for future research 
 
As summarized above, this study found that the prospects are rich for using APT 
as a means through which we can better understand when, how, and what types of 
knowledge students integrate in collaborative discourse.  There are also a number of 
questions not resolved in this study because they were beyond the scope of this particular 
investigation.  As such, this study sets the stage for future research about the ways in 
which collaborative interaction and problem solving in virtual settings can be used as a 
tool for learning, as well as the assessment of learning, especially with regard to three 
inter-related deeper learning competencies: communication, collaboration, and problem 
solving (i.e., collaborative problem solving). 
To begin, the null findings reported in Chapter 6 suggest that future research 
should continue to explore whether collaborative experience in groups (i.e., how groups 
talk) affects a change in students’ attitudes: (1) by using more refined and/or different 
measures of collaboration; and/or (2) in other types simulated environments; (3) in 
relation to other areas of study; (4) over a longer period of observation. For example, it 
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may be that the period of “dosage” in this study was too short to facilitate changes in 
attitudes. 
There are also a number of avenues, implied by my findings for research 
questions one and two, that design- or intervention-based research studies could examine.  
For instance, future work could test the efficacy of using APT-style contributions as a 
way to formatively assess student’s ability to demonstrate collaborative problem solving 
and/or as a measure of group collaborative process and interaction in simulation-based 
learning environments.  Relatedly, further studies should test whether, and if so how, the 
intentional use of APT scripts, or prompting students to use APT-style moves in their 
discourse, in such environments yields more and/or different types of knowledge 
integration, improves engagement and/or collaborative interaction. 
Another area for further study has to do with exploring ways that both the 
semantic and the syntactic aspects of discourse in simulations and games could be 
codified in real-time so that differences in groups’ discourse could trigger the activation 
of particular in-game or automated mentor scripts, re-directions, and/or interventions that 
could support the improvement of student’s collaborative interaction and outcomes in a 
way that helps students to become better practitioners in the domain of interest.  Finally, 
as discussed in Chapter 5, future research is warranted to better understand whether it is 
actually increases in the quality of APT use (i.e., increased use of specific, substantive 
moves, or patterns of such moves) in discourse that lead to better integration.  As such, 
new research should investigate whether specific APT moves, or sequences of moves, 
that occur endogenously in conversation are more salient than others for triggering the 
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kind of intensive, critical interactions that were found to lead to better epistemic 
integration in this study. 
7.4 Contributions to the field 
 
Notwithstanding the limitations presented above, findings from this study 
contribute to the expanding literature on the effectiveness of APT to support collaborative 
learning in general, and to a better understanding of the effects of APT beyond traditional 
measures of learning, namely the development of complex STEM thinking as 
exemplified in ENA.  For instance, my specific focus on Academically Productive Talk 
(APT) in the Nephrotex simulation contributes in a number of ways because it found 
empirical evidence that more APT-style contributions in student discourse was related to 
students’ integration, and building, of discipline-specific knowledge structures related to 
engineering design thinking and understanding.  Additionally, this study extends and 
contributes to knowledge in the field because APT use overall, as well as specific APT 
moves, were found to have an effect: (1) in this type of simulated learning environment; 
and (2) relative to the specific content and context (i.e., engineering) of the simulation.  
These are important contributions because the efficacy of APT has not yet been 
specifically studied in game- and simulation-based environments.  Furthermore, my 
findings also suggest that students can learn how to use/deploy APT-style interaction in 
simulated learning environments in order to support: (1) an increased presence of more 
critical and discipline-specific evidence; and (2) stronger integration of such evidence, in 
collaborative discourse. 
More broadly, findings from this study can inform learning and research in the 
field on a number of fronts, including studies of the design, use, and efficacy of games 
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and simulations for learning and assessment, as well as recent research on MOOC-based 
learning experiences (c.f., Rose et al., 2015).  First, my findings can inform the ongoing 
research and development of technologies integrated into the architecture of games and 
simulations for learning (such as automated conversational agents) that are capable of 
shaping and observing discourse as it occurs to increase the probability that collaborative 
interaction will occur.  This contribution is particularly salient given the recent and rapid 
developments in natural language processing/AI technologies that can deal with 
increasingly complex and inferential language (i.e., the shift from reliance on speech 
“recognition” toward the ability to interpret “language”).  
Relatedly, my findings can inform current work that is focused on developing 
“stealth" applications (c.f., Shute, 2015; Shute & Rivera, 2013) that can track, monitor, 
and assess student conversational patterns to provide formative feedback in real time to 
individual participants, groups, and/or those in facilitative roles (i.e., teachers, in-game 
mentors, etc.).  In addition, this research can support new understandings about the ways 
in which discourse can be measured against established outcomes to provide embedded 
self-monitoring strategies for participants through the use of in-game, real-time 
conversational “dash-boards” that can monitor engagement, decision-making, and 
ultimately, shape conversational behavior (Rose et al., 2015). 
This research also contributes to the on-going and expanding efforts in the field to 
understand how the inter-related deeper learning competencies of collaboration, effective 
communication, and problem solving (i.e., collaborative problem solving) can be taught 
and assessed using a variety of digital, simulation and game-based technologies 
(USDoEd, 2010; NRC, 2012).  This is so because APT was found to be an indication, 
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broadly, of student’s ability to enact important social and cognitive skills such as 
participation and cooperation, task regulation, knowledge building, perspective taking, 
and the evaluation of consequences, to name a few. 
Lastly, the findings in this study can inform and contribute to practice in the field 
because this research expands evidence about the efficacy of APT by showing that its use 
not only fosters effective discourse and supports collaborative learning, but that it also 
supports the development and integration of complex STEM thinking.  As such, 
practitioners in STEM disciplines are encouraged to consider introducing APT as a 
facilitative protocol in their classroom discourse.  Another contribution, by extension, 
relates to high school and college programs that incorporate work-based learning and 
career pathways in their programming designed to enhance and support students’ 
awareness and exploration of, and preparation for, successful career 
trajectories.  Findings from this study provide insights into the benefits of including 
virtual internships, such as Nephrotex, in their learning progressions as a tool for the 
authentic and situated learning about, and assessment of, how students develop the ability 
to learn to think and work as professionals do, as well as how they are developing key 
deeper learning competencies increasingly emphasized as essential for success in work 
and life in the 21st century.  
7.5 Concluding remarks 
 
The design, focus, and central inquires of this study reflect the currents of an 
exciting and innovative time in the field of education, along with its many challenges and 
possibilities.   The intersection of, and advancement in, the study and use of games for 
learning and assessment, especially with regard to deeper learning competencies, is 
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informing the design of dynamic, rich, and immersive digital platforms that can ‘situate 
learning’ for students because they enable the use of discipline-specific tools and 
resources to consider, organize and employ domain-based knowledge to solve authentic, 
complex problems reminiscent of how professionals do, though in ways that are not 
normally feasible in typical “school” learning (Mislevy, 2010; Resnick, 1987; Brown et 
al., 1989; Shaffer, 2004).    However, the rapid advances in technological possibilities 
also raise important questions about how to make meaning of the seas of data yielded by 
such environments that, in theory, are full of rich information about the ways and means 
by which students approach and solve such problems, and that are ripe to reveal 
important insights about the nature of student’s transferable knowledge and how they 
acquire and employ a body of so-called 21st century skills (NRC, 2012).  As such, the 
development of these technologies – whether for research or for practice - challenge, and 
provide opportunity for, the field to develop new analytics, scoring, reporting, and 
feedback mechanisms that can provide rich insights into both what and how students 
learn (Pellegrino and Quellmalz, 2010; Zapata-Rivera & Bauer, 2012; Scardamalia et al., 
2012;).  
In doing so, however, we should not only be concerned with developing the types 
of digital technologies and platforms we think we need now and that answer our 
immediate questions and concerns.  Rather, we should orient research and design efforts 
to advance innovations in educational practice that we can grow into over the course of 
decades, and that will continuously challenge and transform our conceptions of the what, 
how, when, where, and why of learning, in all its forms (Quellmalz and Pellegrino, 2009; 
Behrens et al., 2012).  
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Of course, it remains to be seen whether the use of serious games and simulations 
in education will be a “disruptive innovation” (Christensen, 2003) or instigate a paradigm 
shift in educational practice with implications for “the structure of the group that 
practices the field” (Kuhn, 1996, p.18).  It is possible, however, that to effectively “do 
school” under the auspices of a different vision for pedagogy and outcomes – such as the 
use of digital environments for learning like the one examined in this thesis that engages 
students in authentic, complex problem solving - educational practitioners will need to 
see the world they inhabit with new eyes, and effectively with new minds.  The 
implications of this are substantial because as the types of knowledge and skills society 
values as outcomes in education continue to shift and evolve, coupled with changes in the 
characteristics and environments that learners bring with them to their school experience 
today, we must be continuously attuned to the challenge of developing, testing, and 
implementing new methods of teaching, learning, and assessment to meet these 
expectations. 
  
  
241 
Appendices 
  
  
242 
Appendix A 
 
Summary of activities, by “room,” for each phase of the virtual internship Nephrotex 
(shaded cells indicate activities/rooms used for analysis of discourse in this study).  
Modified from D’Angelo et al. (2011) and Golnaz Arastoopour, Research Assistant with 
Epistemic Games Group, personal communication, October 7, 2013. 
 
Phase Room Room Name & Activity Description (duration) 
Introduction 
and 
Orientation 
1 Entrance Interview (35 Min)  
• Introductions done by design advisors in chat 
• Students receive email to take entrance interview 
• Students take interview (interview may be difficult; students probably won’t 
know many answers. It’s ok and even encouraged for them to answer “I don’t 
know” rather than blindly guess) 
2 Staff Page (10 Min)  
• Receive email 
• View other staff pages and create their own staff page 
• Guidelines: Write in 3rd person, use complete sentences, staff pages 
professional 
Design 
Activity 
Cycle One 
3 Dialysis Research (5 Min  +  HW)  
• Read two resources on Nephrotex website (“How dialysis works” and 
“Introduction to diffusion”) 
• Read and cite two external resources not from the game 
• Summarize in notebook what was read 
• Should refer to “How to use notebook and shared space” if there are any 
questions on how to use the notebook 
• Other resources: “Hemodialytic filtration handbook” 
4 Graphing Cellulose Flux Data with Reflection Team Meeting (55 min) 
• Students should use the internal graphing tool  
• Need to fill out the table in the internal graphing tool by using resources 
mentioned in email (specifically the surfactant papers and benchmark tests) 
• Need to summarize the what they have found in an email as well 
• If not finished in class, should complete as homework 
5 Internal Consultants’ Requests (35 min) 
• Receive email with information on all internal consultants 
• Summarize the internal consultants requests in notebook (Which attributes 
each internal consultant cares about & their limits on the attributes) 
• Should also suggest a surfactant for each internal consultant using 
information given today and from Room 4 
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Phase Room Room Name & Activity Description (duration) 
 6 Component Relationships (20 min + HW)  
• Receive email explaining that their group is assigned to research one material   
• As a team and communicating through the chat, members will divide up 
research work by choosing one internal consultant’s attributes to focus on for 
the given material (Each member should have two attributes to focus on. The 
attributes should be chosen by choosing an internal consultant (IC) as each IC 
cares about two different attributes). 
• Should read documents only pertaining to their material. Material is assigned 
by Alex (in-game supervisor) and includes: “Internal research on nanotube 
membrane reinforcement” and “device specifications” 
• Should record the affects of each device parameter that pertain the attributes of 
the IC that the student chose. Each student should record how “X” affects an 
attribute (“X” could be a different manufacturing process, surfactant, and so 
on.) 
7 Team Discussing and Ranking Attributes (30 Min)  
• Team should discuss and share literature findings from the homework 
• Team should then discuss and rank the 5 attributes in order of importance 
• Furthermore, they need to have good justification for the order that they chose 
• In the resource section there is a summary of the 5 attributes if needed 
• Email sent to Alex (the in-game supervisor) should be one email sent from the 
team 
8 Individual 5 Devices (20 Min + HW) 
• Members should individually make 5 devices or prototypes using FEEDS on 
the site 
• They should consider the internal consultants requests when making the 
prototypes 
• When selecting the different components, they should always select only the 
material they have been assigned to 
• Should try to create devices that satisfy all internal consultants 
 
9 Collaboration and Decision on Top 5 Designs with Reflection Team Meeting (40 
Min)  
• Members should share their individual prototypes/designs with their team 
• Team should have a max of 25 different designs to choose from 
• Team needs to decide on the top 5 devices that they would like to receive data 
for (Need to create and submit a “Batch” of the top five devices) 
• In order for everyone in the team to receive the results, the batch must sent 
while using the “send from team” function in the email client 
10 Results from Experimental Tests (20 + HW)  
• Receive notification of results from top 5 devices in an email 
• Results appear on FEEDS page 
• Should also write 1-2 sentences on the performance of each device in their 
notebooks 
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Phase Room Room Name & Activity Description (duration) 
Design 
Activity 
Cycle Two 
11 Team Reassignment and 5 New Experimental Devices with Reflection Team 
Meeting (40 Min)  
• Receive email telling students their new teammates 
• New team should discuss strengths and weaknesses of each material 
• Team should then rank each material for each attribute (similar to the 
surfactant research in Room 4)  
• New team should propose 5 new devices using FEEDS 
 
12 Other Disciplines and Issues (10 + HW)  
• Identify two other engineering disciplines besides BME that would help 
construct the new dialyzer membrane 
• Choose two non-technical issues that might arise on design decisions (legal, 
environmental, social…) 
• Open-ended assignment that needs to be emailed to Alex  
13 Results of New Experiments (20 Min)  
• Receive notification of results from top 5 devices in an email 
• Results appear on FEEDS page 
• Write 1-2 sentences about performance of each device in their notebooks  
14 Final Design Selection with Reflection Team Meeting (30 Min + HW)  
• Discuss with team the experimental devices on chat 
• Should consider all devices (new devices as well as previous devices) and 
choose the best device, which will be the prototype that their team will present 
on 
• Write notebook entry discussing each parameter choice/why it was chosen 
(explaining which attributes each parameter effects) 
Post-
internship  
15 Preparing Presentations (105 Min)  
• Students receive an email with the presentation guidelines and template 
• Poster must include all information outlined, but they can include additional 
slides or information 
• Posters should be finished outside of class. 
16 Prepare to Assessing Fellow Interns (5 Min + HW)  
• Audience should be paying attention to other group presentations as they will 
need to send a notebook entry discussing which team had the best device and 
which team had the strongest justifications.  
n/a Poster Presentations (not virtual) 
17 Exit Interview and Bonuses (50 Min) 
• Receive email to take exit interview 
• Should answer questions the best of their ability 
• Should have a better understanding of the questions, but it is possible that they 
still might not know the answers 
• Students send an email ranking how well their group members did during the 
internship by assigning them bonus dollars. 
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Appendix B 
 
Flow chart of the Nephrotex virtual internship progression as designed by EGG/GAPS.  
Reprinted from Chesler et al. (2013). 
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Appendix C 
 
Engineering epistemic frame coding scheme applied to data by EGG/GAPS.  Reproduced 
from Arastoopour et al. (2014) and Golnaz Arastoopour, Research Assistant with 
Epistemic Games Group, personal communication, October 7, 2013. 
 
Epistemic 
Element 
Domain 
Epistemic 
Element 
Sub-Code 
Code Description Examples from the data 
Epistemology 
of Data 
(E.Data) 
Justifying decisions by using 
data such as graphs, results 
tables, numerical values, or 
research papers. 
All my devices have a 
biocompatibility of 87.78, I 
think that's the best you can get 
from Psf. 
of Design 
(E.Design) 
Justifying decisions using design 
terms/references such as device 
development, device 
specifications, ranking/priority 
of attributes, or tradeoffs in 
design. 
Well, we have to create five 
devices in the end. So maybe we 
can have 2% in a few, and a 
higher content in one or two as 
well as a compromise? 
of Client 
(E.Client) 
Justifying decisions by referring 
to the client’s or patient’s safety, 
health, wellbeing, or comfort. 
 
I agree with Rolando that 
biocompatibility is the most 
important because it takes into 
account safety of the patient as 
well. 
of Internal 
Consultant 
(E.Consultant) 
Justifying decisions stating or 
referring to the internal 
consultant’s needs, wants, 
concerns, or preferences. 
I changed the percentage of 
CNT between the devices 
because it seemed as though the 
flux at 4% CNT was still 
somewhat in the consultant's 
range. 
Skill 
of Data 
(S.Data) 
The action of using numerical 
values, results, tables, graphs, or 
research papers. 
 
Oh, and I agree with using 2% 
for all of the devices, since it 
had great flux and reliability, if 
I remember right. 
of Design 
(S.Design) 
The action of design 
development, prioritizing, 
tradeoffs, and making design 
decisions. 
 
When deciding which ones to 
test, we took into account our 
attribute rankings as well as 
considering what good 
properties of certain processes 
canceled out others' 
shortcomings. 
of Professionalism 
(S.Professional) 
The action of using the company 
website, email, staff pages, or 
other internship related objects. 
Well we need to e-mail Alex our 
reasons for each device we 
submit. 
of Collaboration 
(S.Collab) 
The action of collaborating or 
participating in a team meeting. 
 
From last week's discussion it 
seemed like we were pretty 
decided on the devices though. 
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Epistemic 
Element 
Domain 
Epistemic 
Element 
Sub-Code 
Code Description Examples from the data 
Identity 
of Engineer 
(I.Engineer) 
Identifying as an engineer or 
member of a team.   Possession/ 
ownership of an engineering 
notebook, lab result, team, or 
company. 
Should we also share our 
notebook entries too? That 
basically says what we're going 
to discuss today too! 
 
of Intern 
(I.Intern) 
Identifying as an intern or staff 
member.  Possession/ ownership 
of professional items. 
What do we do if we finished 
our staff page? 
 
Values 
of Client 
(V.Client) 
 
Valuing the client/patient or 
stating that their needs are 
important. 
I think it depends on which 
attributes are the most 
important to us and patients. 
of Internal 
Consultants 
(V.Consultant) 
 
Valuing the internal consultants’ 
needs and thresholds or stating 
that their needs are important. 
My consultant, Rudy, set her 
price goal as under $100. The 
highest version of the CNT-
PMMA is $7, so for me, any of 
these processes works well. I 
think we should focus on other 
attributes that have more of a 
drastic effect. 
Knowledge 
of Data 
(K.Data) 
 
Referring to numerical values, 
results tables, graphs, or 
research papers. 
My best device had cost of 110, 
biocompatibility of 76.67, flux 
of 19... 
of Design 
(K.Design) 
 
Referring to aspects of the 
device, prototype, experiment, 
or filtration membrane. 
So first and foremost, they must 
use the device. 
of Client 
(K.Client) 
Referring to the health, comfort, 
and safety of the client/patient. 
 
From the company's point of 
view, cost and marketability are 
large concerns, but for the 
patient [client], it needs to be 
biocompatible and reliable. 
of Nanotechnology 
(K.CNT) 
 
Referring to carbon nanotubes 
(CNT). 
I found that carbon nanotube 
content had no significant 
effects on biocompatibility 
of Surfactants 
(K.Surfactant) 
Referring to chemical 
surfactants (biological, 
hydrophilic, negative charge, 
and steric hindrance). 
The Hydrophilic Surfactant has 
some of the highest numbers 
according to desirability. 
of Attributes 
(K.Attribute) 
Referring to attributes:  
reliability, flux, 
biocompatibility, marketability, 
and cost. 
Cost was more of a secondary 
factor to consider. 
 
of Manufacturing 
Process 
(K.Manufacturing) 
Referring to manufacturing 
process (dry-jet, phase 
inversion, vapor deposition, 
polymerization). 
Dry-jet processing is cheaper. 
of Materials 
(K.Materials) 
Referring to materials (PMMA, 
polyrenalate (PRNLT), 
polysulfone (PSF), PESPVP, 
polyamide. 
We decided to use all the 
materials for our devices. That 
way, we can see how each 
perform after we test them. 
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Appendix D 
 
Pre- and post survey items (item # and text) from Nephrotex, organized by question type 
(scale). 
Attitudes and Beliefs (1 = strongly disagree, 3= neutral, 5 = strongly agree) 
1 A degree in engineering will allow me to get 
a job where I can use my talents and 
creativity. 
2 Creative thinking is one of my strengths. 
3 Engineering involved finding precise answers 
to problems. 
4 Engineers are innovative. 
5 Engineers contribute more to making the 
world a better place than people in most other 
occupations. 
6 From what I know, engineering is boring. 
[NOTE: values reversed to read “is not 
boring”] 
7 I am good at designing things. 
8 I am studying engineering because I enjoy 
figuring out how things work. 
9 I can succeed in an engineering curriculum.a 
10 I enjoy problems that can be solved in 
different ways. 
11 I enjoy taking liberal arts courses more than 
math and science courses. [NOTE: values 
reversed to read “I do not enjoy”…] 
12 I enjoy the subjects of science and 
mathematics the most. 
13 I expect that studying engineering will be 
rewarding. 
14 I feel confident in my ability to succeed in 
engineering. 
15 I feel like I know what an engineer does. 
16 I intend to major in engineering next year.a 
17 I like the professionalism that goes with being 
an engineer. 
18 Someone like me can succeed in an 
engineering career. 
19 Technology plays an important role in solving 
society's problems. 
20 The future benefits of studying engineering 
are worth the effort.a 
21 The future benefits of a career in engineering 
are worth the effort.b 
Career Associations (1=Not At All, 8=A Great Deal) 
1 Diverse interpersonal work environment 
(people you work with) 
2 Diverse physical work environment (physical 
space where you work, e.g. office, lab, 
outdoors) 
3 Healthy work-life balance 
4 High Salary 
5 Innovation/creativity 
6 Intellectual stimulation 
7 Opportunities to help other people 
8 Opportunities to make the world a better 
place 
9 Pleasing your family 
10 Prestige 
11 Working on teams 
 
Commitment (1=no commitment, 8=fully committed) 
1 How committed are you to a career within engineering? 
2 How committed are you to a major within engineering?a 
 
__________________________________________ 
a Item only included in survey for Novice students. 
b Item only included in survey for Advanced students. 
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Appendix E 
 
Conversational Move Coding Scheme. 
 
APT-Facilitative Conversational Moves 
Move Description/Indicators Examples from the data 
Say more  Prompting someone to explain or elaborate on his/her thinking. ! What are you hoping will be different using 20%CNT? 
! when you say blood cell rep, are you talking about the 
reactivity? 
 
Press for 
reasoning  
Prompting someone to provide reasoning or justification or 
clarification about why he/she thinks, believes, says or claims 
something. 
! If reliability is so important, why would you choose the Ultra 
flux model? 
! Gary, why do you see number one as the better option? 
 
Revoice  Reframing what someone said, expressed, proposed, etc. in 
order to check/clarify understanding. 
! So are you saying we know reliability and flux are hand and 
hand? 
! i thought you said 2% CNT has a lower flux rate than 4% 
! Are you asking if I found anything about what the consultant 
said about manufacturing? 
 
Restate  Prompting someone to repeat something that someone else, or 
the group, said or decided on. 
! can we reaffirm what we decided one more time so i don't 
send him the wrong thing? 
! what was our order of importance?  
 
Add more  Prompting someone else or the group to add to or build upon 
something that was said, expressed, proposed, etc. 
! Can you add to what cari said? 
! What  else should we consider about that idea? 
 
Agree/ 
Disagree  
Prompting someone else or the group to agree or disagree with 
something that was said, expressed, proposed, etc. (includes 
testing for consensus on decisions or actions). 
! Does everyone agree that reliability is most important? 
! All in favor of device three say I 
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APT-Facilitative Conversational Moves 
Move Description/Indicators Examples from the data 
  
Explain 
Other  
Prompting someone else to explain why something someone 
said, expressed, proposed, etc. is right or wrong. 
Does anyone else think BCR is the most important? 
 
 
Challenge  Expressing or revealing a different conclusion or understanding 
of something that was said, expressed, proposed, etc.; often 
includes an acknowledgement of another’s point of view. 
! True, but cost is our last priority 
! But the patient doesn’t really care about how the product is 
represented as long as it works well 
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APT-Conversational Conversational Moves 
Move Description/Indicators Examples from the data  
Say more  Explaining or elaborating on one’s own thinking. ! What im trying to sayis we have an opurtunity to sell the best and 
keep it at a resonable price 
! I don’t think that biological surfactant is best, im just saying it was 
best in terms of blood cell reactivity 
 
[Share] 
reasoning  
Providing reasoning or justification or clarification about 
why one thinks, believes, says or claims something; may 
or may not include “…because…” 
! I have BCR at the top because it most directly affect the health of 
the patient 
!  Cost should be in the middle because although we want our 
product to be good, we also want to make a profit on it. 
!  Regarding new devices, I think we should have a high CNT 
because that makes the devices more reliable 
 
Revoice  n/a:  only facilitative 
Restate  Providing a summary of what someone else said, 
something the group decided, etc. 
! we decided the processes are so different that we wanted to test all 
of them, so we are testing hydrophilic with all 3, and then vapor 
and phase with negative surfactant 
! So, Nick’s device has the lowest cost, the lowest reactivity for the 
devices at $110, high marketability, a good reliability and a 
midrange flux. 
 
Add more  Adding to or building upon something that someone else 
said, expressed, proposed, etc.; if someone is continuing 
their own line of thinking, it is coded as the utterance’s 
relevant move (i.e., individuals do not add more to what 
they are saying). 
! And also that makes the device more susceptible to human error, 
making the device less reliable 
! Adding to what Brett said, blood cell reactivity’s relevance is 
diminished if the initial flux is higher as well. 
! And by varying the levels of the nanotubes and the manufacturing 
processes we will get a good overview of the best product. 
 
Agree/ 
Disagree  
Expressing agreement or disagreement with something 
that was said, expressed, proposed, etc. by an individual or 
the group (i.e., a proposal, course of action, etc.). 
! yes, I agree with him 
! that’s my vote; etc. 
! I agree with Erin that cost and marketability should be lower 
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APT-Conversational Conversational Moves 
Move Description/Indicators Examples from the data  
 
Explain 
Other  
Providing an explanation about why something someone 
said, expressed, proposed, etc. is right or wrong. 
! No. since the fouling is measured in terms of time to 75% 
performance is there is a greater flux in that span of time the factor 
has a quality that offsets. 
! I agree on all of it but the last two.  I think that cost should be last 
because if the marketability is better then the cost wouldn’t matter 
as much. 
 
Challenge  n/a:  only facilitative 
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Declaration Conversational Moves 
Move Description/Indicators Examples from the data  
Present Explicit sharing of new content, data, information or learning 
gained through individual work, research, or examination of 
data or resources with the group. 
! Michelle Proctor is concerned about flux and reliability. She 
found that carbon nanotubes, and manufacturing process have 
a significant influence on the flux rate. 
! In my findings the blood cell reactivity was not affected by the 
manufacturing process or the amount of carbon nanotubes. It 
was only affected by the surfactant change and the biological 
did the best with blood cell reactivity 
! My previous team used polyrenalate with hydrophilic 
surfactant.  With 10% nanotubes yielded the best reliability and 
a good flux rate 
 
POV Expression or statement about what one thinks or believes 
about something (i.e., opinion or perspective) without 
justification. 
 
! I think it would be hard to convince a patient to risk discomfort 
even for a lower cost. 
! I think we need to bring marketability up further than 4 
! In my opinion, I think the attributes directly affecting patients 
are more important than the ones affecting the company 
 
Activity Making a statement that conveys information to the group 
relevant to their process in relation to the 
task/work/learning/purpose of the conversation: 
a) about one’s actions/activity; or 
b) that clarifies who’s done something or what has happened 
prior to, or during, the conversation. 
! I had flux and reliability 
! I’m going to tweak my device by adding a higher CNT% 
! I’ll make a notebook entry too and put it up on the shared space 
! I have all the information except for Samuel’s reliability 
 
 
 
Inform Making a statement that conveys information to the group 
relevant to their process in relation to the 
task/work/learning/purpose of the conversation: 
a) that clarifies meaning or understanding for others about a 
topic, fact or information already under discussion; or 
b) that expresses what one does or does not understand. 
 
! I got cost as the most important from adding them all up 
! I don’t understand “x” 
! PAM is the hydrophilic 
! The most marketable of the surfactants is hydrophilic 
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Proposal Conversational Moves 
Move Description/Indicators Examples from the data  
Process  Proposing: 
a) an approach to the task at hand, or a way to proceed; 
b) a way to go about working together as a group; or 
c) something to try that would manage the group process (i.e. 
turn taking). 
 
! we should go over our designs and see if any are the same that 
way we can limit some of those out right 
! Let’s give Kyle some reasons for his email. 
! Has Dalton gone yet? 
! Maybe we could all pick our best prototype and then decide 
which consultant they would best match 
 
Role  Offering to take on a responsibility/role on behalf of the group 
(only coded at first instance of suggestion). 
! I can upload a notebook of five device proposals. Then you 
guys can take a look at them and see what you want to 
change? 
! I’ll type up justifications for all of these 
! I can talk about mine first 
 
Response Proposing how the group’s thinking /ideas about content, 
solutions, etc. will be represented or submitted, without 
justification (this would be “Share Reasoning”). 
! how about we submit 2 dry-jet devices and 2 phase 
devices...and then one control 
! I say we should include… 
! Ok – put that before cost maybe? 
! Perhaps we can tentatively say that… 
! I think we should mention how… 
Approach Proposing a skills-based or content-relevant strategy about how 
to go about doing something related to the completion of the 
task (i.e. analytical or experimental in nature, not group-
process).  
 
! Should we try to vary different things? 
! How bout we use one of the experiments as a control for the 
other variable 
! Can we narrow things down by eliminating a process, carobn 
nanotube %age., or surfactant? 
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Eliciting Conversational Moves 
Move Description/Indicators Examples from the data  
Pose  Asking a question about what someone else, or others, think 
about something (i.e. an idea, a proposal, an action, etc.). 
! So now that we have the atributes ranked, which kind of 
surficant do you think we should go with? 
! What does everyone else think of this? 
! Does anyone think cost and marketability could be switched? 
! Are there any other traits that people feel rank very highly, 
other than blood cell reactivity? 
! So what should be next? 
Process Drawing out the ideas/thinking of others about: 
a) an approach to the task at hand, or a way to proceed; 
b) a way to go about working together as a group; or 
c) something to try that would manage the group process (i.e. 
turn taking). 
 
! so do you want to "rank " things based on current importance 
or importance of improvement 
! How do we want to start the discussion? 
! Do you guys want to discuss about previous experimental 
devices we had? 
! Who wants to type this up? 
 
Clarify Asking a question to someone, or the group: 
a) to gain clarity about: 
1) what something means  (i.e. facts, information, data, a 
process, etc.); or 
2) who did something related to the task/work of the group. 
b) that expresses that one does not understand something (skill-
related, fact-based, etc.) or about one’s uncertainty. 
! What position was flux again? 
! But my question is, does the blood cell reactivity endanger the 
patient or is it just uncomfortable? 
! Does carbon nanotubes affect blood reactivity? 
! I got kind of confused when I was reading about the carbon 
fiber content.  Does increasing it make the flux higher? 
! Anyone happen to get the other part finished? 
! Who looked at cost? 
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Administrative Conversational Moves 
Move Description/Indicators Examples from the data  
State 
 
1) Statements about the process/approach/workflow/etc. that 
should be engaged in in terms of requirements, expectations, 
etc. of the activity/task; or 
2) Statements that explain, clarify or convey technical 
information or details that: 
a) support engagement in the activity/task because they 
help others know who, what or where things “are”; or 
b) convey information about “stuff” that has happened 
(i.e., new email received, etc.). 
 
! Yes, I see we need to create 5 expirimental devices; we’re 
supposed to discuss how manufacturing, surfactant and cnt 
affect the specific attributes 
! I just got a response from Alex. Our results are ready. 
! It’s in the shared folder; You can find it in the report 
! I don’t think Matt’s on; Is everybody on yet? 
Pose 
 
1) Questions about the process/approach/workflow/etc. that 
should be engaged in in terms of requirements, expectations, 
etc. of the activity/task; or 
2) Questions that seek an explanation or clarification about 
technical information or details that will: 
a) support engagement in the activity/task through 
knowing who, what or where things “are”; or 
b) yield information about “stuff” that has happened (i.e., 
new email received, etc.). 
 
! Should we be expecting another email from Alex? 
! Are we just creating a device that will meet the needs of any 
customer? 
! Do we each have to come up with 5 devices? 
! Any idea how to send the experimental devices? 
Action Statements that convey that one will, should/should have or has 
done something related to the “technical” business of the 
activity/task. 
! I will email the ranking of the 5 
! I shared my report; I will share [post] my report 
! I was still typing in the notebook;I’m still reading each report 
! I just generated a new batch called team with the devices 
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“Other” Conversational Moves 
Move Description/Indicators Examples from the data  
Enter 
  
Presence and departure statements ! I’m here; hello; hey everyone 
! Signing off; have a nice day 
 
Express  1) Generic responses to suggestions, role proposals, etc. (not 
agree/disagree) 
2) Comments of appreciation, thanks, etc. 
 
OK; fine by me; go ahead; ready; thanks; looks great; I don’t 
either; sure, I can do that; thanks!; etc. 
Repair Utterances that correct (i.e, spelling, mis-types) or retract a 
previous utterance. 
 
! *too high [to correct “too low”] 
! *BCR rather [to correct “BCM”] 
State 1) Statements that are off-task and/or irrelevant to the purpose 
of the activity/discussion, including small talk, jokes and 
commentaries on behavior, sharing of personal information, 
etc. 
2) Accidental and/or nonsensical entries (different than repair) 
! Adam is at a career fair 
! I have two midterms this week 
! Num=262 422 0488; my email is “x” 
! Just switched to another computer 
! “++/*/*” 
 
Sources consulted for Academically Productive Talk (APT) moves:  Michaels et al., 2008; Adamson et al., 2012. 
 
Other sources consulted:  Morgan et al. 2013; Bluemink et al., 2010; Hartung & Wilson, in press; Cakir et al., 2005; Cheng, 2014; 
Soller et al., 1998; Kapur & Kinzer, 2007; Berkowitz & Gibbs, 1983; Kittleson & Southerland, 2004. 
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Appendix F 
 
Table F1 
 
Summary of the frequency of Coder A and Coder B’s conversational move coding within each functional move category for each 
utterance in the inter-rater reliability dataset (n=7844) 
 
  Coder B 
  Admin. APT-C Declare Elicit APT-F Other Propose Combine  Total 
C
od
er
 A
 
Admin. 576 7 9 10 1 14 14 2 633 
APT-C 7 1,734 113 10 19 41 28 25 1,977 
Declare 9 75 1,332 9 13 16 11 5 1,470 
Eliciting 12 3 7 756 12 5 33 7 835 
APT-F 2 41 16 32 282 2 8 2 385 
Other 9 9 2 2 0 1,214 1 2 1,239 
Proposal 21 31 45 20 4 7 681 5 814 
Combine  0 15 11 3 1 5 6 450 491 
 Total 636 1,915 1,535 842 332 1,304 782 498 7,844 
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Table F2 
 
Summary of inter-rater reliability statistics for each functional move category and each 
conversational move within each functional category 
 
Conversational 
Category/Move 
Agreeme
nt 
Expected 
Agreement Kappa 
Standard 
Error Z Prob>Z 
Administrative 98.51% 85.13% 0.90 0.0113 79.68 0 
State 99.26% 93.86% 0.88 0.0113 78.2 0 
Pose 99.49% 93.58% 0.92 0.0113 81.82 0 
Action 99.47% 96.96% 0.83 0.0113 73.34 0 
APT -Conversational 94.59% 62.69% 0.86 0.0113 75.75 0 
Say More 98.90% 97.06% 0.62^ 0.011 56.65 0 
Share Reasoning 98.57% 90.61% 0.85 0.0113 75.32 0 
Restate 98.97% 95.87% 0.75^ 0.0111 67.47 0 
Add More 98.99% 97.35% 0.62^ 0.0112 55.11 0 
Agree/Disagree 98.25% 80.10% 0.91 0.0113 81.03 0 
Explain 98.24% 93.24% 0.74^ 0.0112 65.84 0 
Declaration 95.65% 69.03% 0.86 0.0113 76.16 0 
Present 99.05% 93.57% 0.85 0.0113 75.72 0 
POV 97.99% 90.23% 0.79^ 0.0112 70.63 0 
Activity 99.35% 94.14% 0.89 0.0113 79.04 0 
Inform 97.45% 86.17% 0.82 0.0113 72.49 0 
Eliciting 97.90% 80.91% 0.89 0.0113 78.81 0 
Pose 98.90% 92.93% 0.84 0.0113 74.99 0 
Process 99.20% 94.38% 0.86 0.0113 76.24 0 
Clarify 98.72% 92.21% 0.84 0.0113 74.24 0 
APT- Facilitative 98.05% 91.27%  0.0113 68.97 0 0.78^ 
Say More 99.66% 98.60% 0.76^ 0.0112 67.14 0 
Press for Reasoning 99.85% 98.84% 0.87 0.0112 77.34 0 
Revoice 99.73% 99.31% 0.62^ 0.0107 57.65 0 
Restate 99.85% 99.49% 0.70^ 0.0113 62.11 0 
Add More 100.00% 99.97% 1.00 0.0113 88.83 0 
Agree/Disagree 99.68% 97.93% 0.85 0.0113 75.23 0 
Explain 99.99% 99.89% 0.89 0.0112 79.45 0 
Challenge 99.10% 96.97% 0.70^ 0.0112 62.82 0 
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Conversational 
Category/Move Agreement 
Expected 
Agreement Kappa 
Standard 
Error Z Prob>Z 
Other 98.53% 72.83% 0.95 0.0113 83.83 0 
Enter 99.86% 91.51% 0.98 0.0113 87.37 0 
Express 98.95% 87.57% 0.92 0.0113 81.33 0 
Repair 99.81% 97.78% 0.91 0.0112 81.28 0 
State 99.46% 92.53% 0.93 0.0112 82.53 0 
Proposal 97.02% 81.72% 0.84 0.0113 74.13 0 
Process 98.68% 91.04% 0.85 0.0113 75.77 0 
Role 99.72% 96.56% 0.92 0.0113 81.64 0 
Response 98.35% 93.84% 0.73^ 0.0112 65.18 0 
Approach 99.76% 99.05% 0.75^ 0.0112 66.27 0 
Combine 98.87% 88.19% 0.90 0.0113 80.06 0 
^ Indicates a substantial (>.061 & <0.81), rather than near perfect, level of agreement between raters. 
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Appendix G.  Summary statistics of the distribution of conversational moves in the sample, in each design cycle, and in each 
conversation. 
 
  
Sample 
  
Design Cycle 1 Design Cycle 2 
Convo 1 Convo 2 Total Convo 1 Convo 2 Total 
Talk Type 
Category/Code n Percent n Percent n Percent n Percent n Percent n Percent n Percent 
APT-
Conversational 5207 34.56% 1650 40.40% 1813 39.24% 3463 39.79% 948 22.24% 796 37.89% 1744 27.40% 
Say More 233 1.55% 91 2.23% 78 1.69% 169 1.94% 49 1.15% 15 0.71% 64 1.01% 
Share Reasoning 1011 6.71% 369 9.04% 322 6.97% 691 7.94% 183 4.29% 137 6.52% 320 5.03% 
Restate 626 4.15% 96 2.35% 274 5.93% 370 4.25% 165 3.87% 91 4.33% 256 4.02% 
Add More 301 2.00% 98 2.40% 110 2.38% 208 2.39% 48 1.13% 45 2.14% 93 1.46% 
Agree/Disagree 2283 15.15% 743 18.19% 812 17.58% 1555 17.87% 401 9.41% 327 15.56% 728 11.44% 
Explain 753 5.00% 253 6.19% 217 4.70% 470 5.40% 102 2.39% 181 8.61% 283 4.45% 
APT-
Facilitative 902 5.99% 350 8.57% 265 5.74% 615 7.07% 125 2.93% 162 7.71% 287 4.51% 
Say More 131 0.87% 49 1.20% 37 0.80% 86 0.99% 35 0.82% 10 0.48% 45 0.71% 
Press for 
Reasoning 119 0.79% 67 1.64% 40 0.87% 107 1.23% 4 0.09% 8 0.38% 12 0.19% 
Revoice 77 0.51% 26 0.64% 21 0.45% 47 0.54% 13 0.30% 17 0.81% 30 0.47% 
Restate 57 0.38% 8 0.20% 22 0.48% 30 0.34% 15 0.35% 12 0.57% 27 0.42% 
Add More 1 0.01% 1 0.02% 0 0.00% 1 0.01% 0 0.00% 0 0.00% 0 0.00% 
Agree/Disagree 201 1.33% 78 1.91% 62 1.34% 140 1.61% 18 0.42% 43 2.05% 61 0.96% 
Explain 5 0.03% 5 0.12% 0 0.00% 5 0.06% 0 0.00% 0 0.00% 0 0.00% 
Challenge 311 2.06% 116 2.84% 83 1.80% 199 2.29% 40 0.94% 72 3.43% 112 1.76% 
APT (combined) 6109 40.54% 2000 48.97% 2078 44.98% 4078 46.85% 1073 25.17% 958 45.60% 2031 31.91% 
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Sample 
  
Design Cycle 1 Design Cycle 2 
Convo 1 Convo 2 Total Convo 1 Convo 2 Total 
Talk Type 
Category/Code n Percent n Percent n Percent n Percent n Percent n Percent n Percent 
Administrative 1533 10.17% 404 9.89% 457 9.89% 861 9.89% 415 9.73% 257 12.23% 672 10.56% 
Statement 594 3.94% 149 3.65% 174 3.77% 323 3.71% 141 3.31% 130 6.19% 271 4.26% 
Pose 624 4.14% 170 4.16% 157 3.40% 327 3.76% 193 4.53% 104 4.95% 297 4.67% 
Action 315 2.09% 85 2.08% 126 2.73% 211 2.42% 81 1.90% 23 1.09% 104 1.63% 
Declaration 3639 24.15% 838 20.52% 790 17.10% 1628 18.70% 1503 35.26% 508 24.18% 2011 31.60% 
Present 690 4.58% 193 4.73% 118 2.55% 311 3.57% 344 8.07% 35 1.67% 379 5.96% 
POV 967 6.42% 365 8.94% 280 6.06% 645 7.41% 158 3.71% 164 7.81% 322 5.06% 
Activity 626 4.15% 131 3.21% 159 3.44% 290 3.33% 288 6.76% 48 2.28% 336 5.28% 
Inform 1356 9.00% 149 3.65% 233 5.04% 382 4.39% 713 16.73% 261 12.42% 974 15.30% 
Eliciting 1883 12.50% 403 9.87% 598 12.94% 1001 11.50% 633 14.85% 249 11.85% 882 13.86% 
Pose 632 4.19% 165 4.04% 265 5.74% 430 4.94% 119 2.79% 83 3.95% 202 3.17% 
Process 474 3.15% 111 2.72% 165 3.57% 276 3.17% 181 4.25% 17 0.81% 198 3.11% 
Clarify 777 5.16% 127 3.11% 168 3.64% 295 3.39% 333 7.81% 149 7.09% 482 7.57% 
Proposal 1904 12.64% 439 10.75% 697 15.09% 1136 13.05% 639 14.99% 129 6.14% 768 12.07% 
Process 841 5.58% 233 5.71% 261 5.65% 494 5.68% 295 6.92% 52 2.48% 347 5.45% 
Role 285 1.89% 109 2.67% 109 2.36% 218 2.50% 64 1.50% 3 0.14% 67 1.05% 
Response 585 3.88% 92 2.25% 218 4.72% 310 3.56% 219 5.14% 56 2.67% 275 4.32% 
Approach 193 1.28% 5 0.12% 109 2.36% 114 1.31% 61 1.43% 18 0.86% 79 1.24% 
non-APT moves 
(combined) 8959 59.46% 2084 51.03% 2542 55.02% 4626 53.15% 3190 74.83% 1143 54.40% 4333 68.09% 
Total 15068 100% 4084 100% 4620 100% 8704 100% 4263 100% 2101 100% 6364 100% 
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Appendix H 
!
Summary tables of AME results of independent variables (conversational moves) from 
logit models, by epistemic outcome (dependent variable) and level of model (i.e. 
Conversation, Design Cycle, Sample) for low (Table H1), moderate (Table H2), and high 
(Table H3) evidence epistemic elements in Nephrotex discourse. APT moves are 
highlighted in red. 
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Table H1 
 
AME results for epistemic elements with a low frequency of evidence in Nephrotex 
discourse. 
 
  
dy/dx 
(Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower 95% CI 
Upper 
95% CI 
Epistemology of Client 
      Conversation 2 
      
 
APT-C: Share Reasoning 0.006 0.002 2.53 0.011 0.001 0.010 
Conversation 3 
      
 
APT-F: Challenge 0.013 0.004 3.01 0.003 0.004 0.021 
 
APT-C: Share Reasoning 0.013 0.004 3.32 0.001 0.005 0.021 
Design Cycle 1 
      
 
APT-C: Restate 0.026 0.009 2.84 0.005 0.008 0.044 
 
APT-C: Say More 0.031 0.009 3.33 0.001 0.013 0.049 
 
APT-C: Add More 0.037 0.008 4.7 0 0.022 0.053 
 
APT-C: Explain 0.044 0.006 7.43 0 0.033 0.056 
 
APT-F: Challenge 0.046 0.007 6.8 0 0.033 0.060 
 
APT-C: Share Reasoning 0.060 0.006 10.3 0 0.049 0.072 
Design Cycle 2 
      
 
APT-C: Explain 0.014 0.004 3.21 0.001 0.006 0.023 
 
APT-F: Challenge 0.015 0.005 3.25 0.001 0.006 0.025 
 
APT-C: Share Reasoning 0.017 0.005 3.63 0 0.008 0.027 
Sample of Conversations 
      
 
APT-C: Restate 0.017 0.006 2.78 0.005 0.005 0.029 
 
APT-C: Say More 0.023 0.006 3.64 0 0.011 0.035 
 
APT-C: Add More 0.027 0.005 5.14 0 0.017 0.038 
 
APT-C: Explain 0.032 0.004 8.36 0 0.025 0.040 
 
APT-F: Challenge 0.034 0.004 7.88 0 0.026 0.043 
 
APT-C: Share Reasoning 0.044 0.004 11.02 0 0.036 0.051 
 
 
Knowledge of Client 
      Conversation 1 
      
 
ELICIT: Clarify 0.166 0.048 3.43 0.001 0.071 0.261 
 
ELICIT: Pose 0.177 0.044 3.98 0 0.090 0.264 
 
DECLARE: Present 0.180 0.043 4.14 0 0.095 0.265 
 
SUGGEST: Response 0.181 0.049 3.73 0 0.086 0.276 
 
APT-C: Restate 0.194 0.046 4.19 0 0.103 0.284 
 
DECLARE: Inform 0.209 0.042 4.94 0 0.126 0.292 
 
DECLARE: POV 0.214 0.040 5.39 0 0.136 0.292 
 
APT-C: Say More 0.222 0.044 5.05 0 0.136 0.308 
 
APT-F: Revoice 0.253 0.050 5.08 0 0.155 0.350 
 
APT-C: Add More 0.269 0.041 6.59 0 0.189 0.350 
 
APT-F: Challenge 0.286 0.040 7.14 0 0.208 0.365 
 
APT-C: Explain 0.294 0.039 7.54 0 0.217 0.370 
 
APT-C: Share Reasoning 0.320 0.039 8.3 0 0.244 0.395 
 
APT-F: Explain 0.339 0.061 5.57 0 0.220 0.459 
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dy/dx 
(Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower 95% CI 
Upper 
95% CI 
Conversation 2 
      
 
APT-C: Share Reasoning 0.009 0.003 3.24 0.001 0.004 0.015 
Conversation 3 
      
 
APT-C: Add More 0.016 0.006 2.58 0.01 0.004 0.028 
 
APT-C: Explain 0.017 0.005 3.7 0 0.008 0.026 
 
APT-F: Challenge 0.018 0.005 3.32 0.001 0.007 0.028 
 
APT-C: Share Reasoning 0.018 0.004 4.2 0 0.010 0.027 
Design Cycle 1 
      
 
ELICIT: Pose 0.042 0.014 2.94 0.003 0.014 0.070 
 
APT-C: Restate 0.049 0.017 2.93 0.003 0.016 0.081 
 
DECLARE: Present 0.058 0.014 4.24 0 0.031 0.084 
 
DECLARE: Inform 0.059 0.013 4.67 0 0.034 0.083 
 
DECLARE: POV 0.071 0.010 6.91 0 0.051 0.091 
 
APT-C: Say More 0.071 0.015 4.89 0 0.043 0.100 
 
APT-F: Revoice 0.089 0.019 4.58 0 0.051 0.127 
 
APT-C: Add More 0.097 0.012 8.45 0 0.075 0.120 
 
APT-F: Challenge 0.109 0.011 10.14 0 0.088 0.130 
 
APT-C: Explain 0.114 0.010 11.91 0 0.095 0.132 
 
APT-C: Share Reasoning 0.126 0.009 13.65 0 0.108 0.144 
 
APT-F: Explain 0.157 0.028 5.53 0 0.101 0.212 
Design Cycle 2 
      
 
APT-F: Challenge 0.015 0.004 3.56 0 0.007 0.023 
 
APT-C: Explain 0.016 0.004 4.57 0 0.009 0.023 
 
APT-C: Share Reasoning 0.019 0.004 5.09 0 0.012 0.027 
Sample of Conversations 
      
 
DECLARE: POV 0.033 0.005 6.22 0 0.023 0.044 
 
APT-C: Say More 0.036 0.009 4.1 0 0.019 0.053 
 
APT-F: Revoice 0.043 0.012 3.62 0 0.020 0.067 
 
APT-C: Add More 0.055 0.006 8.77 0 0.042 0.067 
 
APT-F: Challenge 0.060 0.006 10.91 0 0.049 0.071 
 
APT-C: Explain 0.063 0.005 13.74 0 0.054 0.072 
 
APT-C: Share Reasoning 0.074 0.004 16.51 0 0.065 0.083 
 
APT-F: Explain 0.098 0.018 5.31 0 0.062 0.134 
Values of Client 
      Design Cycle 1 
      
 
APT-C: Explain 0.019 0.004 4.91 0 0.012 0.027 
 
APT-C: Add More 0.021 0.005 4.33 0 0.011 0.030 
 
APT-F: Challenge 0.022 0.005 4.71 0 0.013 0.031 
 
APT-C: Share Reasoning 0.027 0.004 7.19 0 0.020 0.034 
Sample of Conversations 
      
 
DECLARE: POV 0.009 0.003 3.22 0.001 0.004 0.015 
 
APT-C: Say More 0.012 0.004 2.87 0.004 0.004 0.020 
 
APT-C: Explain 0.014 0.003 5.26 0 0.009 0.020 
 
APT-C: Add More 0.016 0.003 4.97 0 0.010 0.023 
 
APT-F: Challenge 0.017 0.003 5.47 0 0.011 0.023 
 
APT-C: Share Reasoning 0.020 0.003 7.25 0 0.015 0.026 
Epistemology of Consultant 
      Conversation 1 
      
 
APT-C: Share Reasoning 0.013 0.005 2.58 0.01 0.003 0.022 
 
DECLARE: Present 0.027 0.005 5.15 0 0.017 0.037 
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dy/dx 
(Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower 95% CI 
Upper 
95% CI 
Conversation 2 
      
 
APT-C: Share Reasoning 0.030 0.006 5.3 0 0.019 0.040 
Conversation 3 
      
 
APT-C: Share Reasoning 0.019 0.005 3.79 0 0.009 0.029 
 
APT-F: Press Reasoning 0.035 0.012 2.85 0.004 0.011 0.059 
Conversation 4 
      
 
APT-C: Share Reasoning 0.041 0.008 4.86 0 0.024 0.057 
Design Cycle 1 
      
 
ELICIT: Pose -0.023 0.012 -1.99 0.047 -0.046 0.000 
 
DECLARE: POV -0.022 0.010 -2.3 0.022 -0.042 -0.003 
 
APT-C: Share Reasoning 0.013 0.004 3.15 0.002 0.005 0.021 
 
DECLARE: Present 0.018 0.005 3.68 0 0.008 0.028 
Design Cycle 2 
      
 
APT-C: Share Reasoning 0.027 0.004 6.24 0 0.019 0.036 
Sample of Conversations 
      
 
ADMIN: Pose -0.036 0.015 -2.47 0.014 -0.064 -0.007 
 
SUGGEST: Response -0.035 0.015 -2.4 0.016 -0.063 -0.006 
 
ELICIT: Clarify -0.029 0.010 -2.78 0.006 -0.049 -0.008 
 
ELICIT: Process -0.022 0.010 -2.15 0.032 -0.043 -0.002 
 
DECLARE: POV -0.021 0.007 -2.86 0.004 -0.036 -0.007 
 
DECLARE: Activity -0.020 0.009 -2.29 0.022 -0.036 -0.003 
 
ELICIT: Pose -0.016 0.007 -2.2 0.028 -0.031 -0.002 
 
DECLARE: Inform -0.014 0.005 -2.79 0.005 -0.023 -0.004 
 
DECLARE: Present 0.009 0.004 2.28 0.022 0.001 0.016 
 
SUGGEST: Approach 0.014 0.006 2.27 0.023 0.002 0.027 
 
APT-C: Share Reasoning 0.015 0.003 5.16 0 0.009 0.021 
 
Values of Consultant 
      Conversation 3 
      
 
APT-C: Share Reasoning 0.010 0.003 3.03 0.002 0.003 0.016 
 
APT-C: Add More 0.011 0.005 2.22 0.026 0.001 0.020 
Conversation 4 
      
 
APT-C: Share Reasoning 0.015 0.006 2.47 0.013 0.003 0.027 
 
SUGGEST: Process 0.017 0.007 2.4 0.016 0.003 0.030 
 
ELICIT: Process 0.020 0.009 2.2 0.027 0.002 0.037 
 
SUGGEST: Approach 0.024 0.008 3.02 0.002 0.009 0.040 
Design Cycle 1 
      
 
DECLARE: Present 0.008 0.003 2.66 0.008 0.002 0.014 
 
SUGGEST: Process 0.009 0.002 3.51 0 0.004 0.014 
 
SUGGEST: Approach 0.016 0.004 4.18 0 0.008 0.023 
Design Cycle 2 
      
 
APT-C: Share Reasoning 0.011 0.003 3.85 0 0.005 0.017 
 
SUGGEST: Approach 0.014 0.004 3.53 0 0.006 0.021 
Sample of Conversations 
      
 
APT-C: Share Reasoning 0.006 0.002 3.28 0.001 0.003 0.010 
 
SUGGEST: Process 0.007 0.002 3.79 0 0.004 0.011 
 
SUGGEST: Approach 0.015 0.003 5.44 0 0.009 0.020 
!
!
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Table H2 
 
AME results for epistemic elements with a moderate frequency of evidence in Nephrotex 
discourse 
!
    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
Epistemology of Data 
      Conversation 1 
      
 
DECLARE: POV 0.060 0.022 2.74 0.006 0.017 0.103 
 
DECLARE: Inform 0.072 0.028 2.6 0.009 0.018 0.127 
 
APT-C: Restate 0.074 0.032 2.29 0.022 0.011 0.138 
 
ELICIT: Pose 0.075 0.026 2.87 0.004 0.024 0.127 
 
ELICIT: Process 0.079 0.030 2.65 0.008 0.020 0.137 
 
ADMIN: Pose 0.089 0.024 3.64 0 0.041 0.136 
 
APT-F: Press Reasoning 0.096 0.033 2.92 0.003 0.032 0.160 
 
APT-C: Add More 0.097 0.028 3.46 0.001 0.042 0.153 
 
ADMIN: State 0.119 0.022 5.36 0 0.076 0.163 
 
APT-C: Say More 0.120 0.026 4.64 0 0.069 0.170 
 
SUGGEST: Process 0.124 0.020 6.32 0 0.086 0.163 
 
APT-F: Challenge 0.135 0.023 5.99 0 0.091 0.179 
 
DECLARE: Present 0.136 0.020 6.87 0 0.097 0.175 
 
APT-C: Explain 0.137 0.019 7.26 0 0.100 0.173 
 
SUGGEST: Approach 0.174 0.066 2.65 0.008 0.045 0.303 
 
APT-C: Share Reasoning 0.190 0.017 11.23 0 0.157 0.224 
Conversation 2 
      
 
DECLARE: Present 0.017 0.006 2.89 0.004 0.005 0.028 
Conversation 3 
      
 
SUGGEST: Approach 0.041 0.011 3.81 0 0.020 0.063 
Conversation 4 
      
 
APT-C: Share Reasoning 0.027 0.014 1.96 0.05 0.000 0.053 
 
DECLARE: Activity 0.034 0.016 2.07 0.038 0.002 0.066 
Design Cycle 1 
      
 
APT-C: Share Reasoning 0.011 0.003 3.44 0.001 0.005 0.017 
 
DECLARE: Present 0.021 0.003 6.18 0 0.015 0.028 
Design Cycle 2 
      
 
SUGGEST: Approach 0.036 0.010 3.81 0 0.018 0.055 
Sample of Conversations 
      
 
ELICIT: Pose -0.022 0.010 -2.11 0.035 -0.042 -0.002 
 
DECLARE: POV -0.021 0.009 -2.49 0.013 -0.038 -0.005 
 
SUGGEST: Approach 0.018 0.006 2.95 0.003 0.006 0.031 
 
DECLARE: Present 0.019 0.003 5.85 0 0.012 0.025 
Knowledge of Data 
      Conversation 1 
      
 
APT-C: Explain 0.042 0.018 2.31 0.021 0.006 0.078 
 
SUGGEST: Role 0.047 0.023 2.01 0.045 0.001 0.092 
 
APT-C: Share Reasoning 0.047 0.016 2.97 0.003 0.016 0.079 
 
ELICIT: Pose 0.054 0.019 2.93 0.003 0.018 0.091 
 
APT-F: Challenge 0.056 0.020 2.77 0.006 0.016 0.096 
 
ELICIT: Process 0.058 0.020 2.83 0.005 0.018 0.098 
 
APT-C: Say More 0.072 0.019 3.76 0 0.034 0.109 
  
268 
    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
ADMIN: Pose 0.074 0.016 4.53 0 0.042 0.105 
 
ADMIN: State 0.077 0.016 4.73 0 0.045 0.109 
 
SUGGEST: Process 0.081 0.015 5.36 0 0.051 0.110 
 
DECLARE: Activity 0.081 0.016 4.93 0 0.049 0.114 
 
DECLARE: Inform 0.094 0.016 6.07 0 0.064 0.125 
 
ELICIT: Clarify 0.099 0.016 6.32 0 0.068 0.130 
 
DECLARE: Present 0.102 0.015 6.78 0 0.072 0.131 
Conversation 2 
      
 
ELICIT: Pose -0.066 0.029 -2.25 0.024 -0.123 -0.009 
 
SUGGEST: Process -0.064 0.029 -2.19 0.028 -0.121 -0.007 
 
DECLARE: Inform 0.021 0.008 2.5 0.012 0.005 0.038 
Conversation 3 
      
 
DECLARE: POV -0.072 0.037 -1.98 0.048 -0.144 -0.001 
 
SUGGEST: Response -0.048 0.023 -2.05 0.04 -0.094 -0.002 
 
SUGGEST: Approach 0.071 0.021 3.38 0.001 0.030 0.112 
Conversation 4 
      
 
APT-C: Explain 0.062 0.024 2.55 0.011 0.014 0.109 
 
APT-C: Share Reasoning 0.079 0.027 2.87 0.004 0.025 0.132 
 
ELICIT: Clarify 0.090 0.023 3.95 0 0.045 0.134 
 
DECLARE: Activity 0.101 0.034 3.01 0.003 0.035 0.167 
 
DECLARE: Inform 0.102 0.019 5.4 0 0.065 0.139 
 
SUGGEST: Process 0.104 0.031 3.32 0.001 0.043 0.166 
 
ADMIN: Pose 0.121 0.023 5.25 0 0.076 0.166 
 
APT-C: Restate 0.134 0.026 5.2 0 0.084 0.185 
 
ADMIN: State 0.155 0.020 7.76 0 0.116 0.194 
Design Cycle 1 
      
 
DECLARE: POV -0.050 0.019 -2.6 0.009 -0.087 -0.012 
 
ADMIN: Pose 0.023 0.007 3.14 0.002 0.009 0.037 
 
ELICIT: Clarify 0.027 0.007 3.83 0 0.013 0.041 
 
DECLARE: Inform 0.038 0.006 6.48 0 0.026 0.049 
 
DECLARE: Present 0.042 0.006 6.88 0 0.030 0.054 
Design Cycle 2 
      
 
DECLARE: Activity -0.097 0.033 -2.96 0.003 -0.161 -0.033 
 
ELICIT: Clarify 0.052 0.023 2.31 0.021 0.008 0.097 
 
DECLARE: POV 0.064 0.027 2.35 0.019 0.011 0.116 
 
APT-C: Explain 0.064 0.029 2.21 0.027 0.007 0.122 
 
ADMIN: State 0.093 0.028 3.36 0.001 0.039 0.147 
 
APT-F: Challenge 0.105 0.042 2.51 0.012 0.023 0.187 
 
SUGGEST: Role 0.110 0.052 2.11 0.035 0.008 0.212 
 
APT-C: Restate 0.121 0.033 3.72 0 0.057 0.185 
 
SUGGEST: Response 0.132 0.027 4.96 0 0.080 0.184 
 
ADMIN: Pose 0.154 0.025 6.12 0 0.105 0.204 
 
ADMIN: Action 0.155 0.041 3.81 0 0.075 0.235 
 
DECLARE: Present 0.184 0.025 7.28 0 0.134 0.233 
 
APT-C: Share Reasoning 0.204 0.028 7.26 0 0.149 0.259 
 
APT-F: Restate 0.219 0.076 2.89 0.004 0.070 0.367 
 
ELICIT: Pose 0.241 0.029 8.41 0 0.185 0.297 
 
SUGGEST: Process 0.279 0.023 12.19 0 0.234 0.324 
 
ELICIT: Process 0.300 0.029 10.46 0 0.244 0.356 
 
SUGGEST: Approach 0.318 0.053 6.02 0 0.215 0.422 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
Skill of Data 
Conversation 1 
      
 
APT-F: Challenge 0.034 0.014 2.42 0.016 0.006 0.062 
 
ELICIT: Process 0.035 0.014 2.48 0.013 0.007 0.063 
 
ADMIN: State 0.040 0.012 3.36 0.001 0.017 0.063 
 
ADMIN: Pose 0.041 0.011 3.65 0 0.019 0.063 
 
APT-C: Say More 0.046 0.013 3.52 0 0.020 0.071 
 
DECLARE: Activity 0.050 0.011 4.54 0 0.028 0.072 
 
SUGGEST: Process 0.051 0.010 5.35 0 0.032 0.070 
 
DECLARE: Inform 0.053 0.010 5.06 0 0.032 0.073 
 
ELICIT: Clarify 0.054 0.011 4.98 0 0.033 0.075 
 
DECLARE: Present 0.065 0.010 6.85 0 0.047 0.084 
Conversation 3 
      
 
SUGGEST: Response -0.045 0.023 -1.96 0.05 -0.091 0.000 
 
DECLARE: Inform -0.020 0.009 -2.18 0.03 -0.038 -0.002 
 
SUGGEST: Approach 0.059 0.014 4.3 0 0.032 0.086 
Conversation 4 
      
 
ADMIN: State 0.048 0.012 3.93 0 0.024 0.071 
 
SUGGEST: Process 0.050 0.017 2.94 0.003 0.017 0.084 
Design Cycle 1 
      
 
DECLARE: POV -0.048 0.020 -2.4 0.017 -0.087 -0.009 
 
ELICIT: Pose -0.041 0.020 -2.07 0.038 -0.080 -0.002 
 
DECLARE: Inform 0.017 0.005 3.06 0.002 0.006 0.027 
 
DECLARE: Present 0.031 0.005 6.44 0 0.022 0.040 
Design Cycle 2 
      
 
DECLARE: POV -0.080 0.034 -2.33 0.02 -0.147 -0.013 
 
ADMIN: State 0.030 0.008 3.61 0 0.014 0.046 
 
SUGGEST: Approach 0.057 0.013 4.47 0 0.032 0.083 
Sample of Conversations 
      
 
DECLARE: POV -0.063 0.018 -3.4 0.001 -0.099 -0.026 
 
ELICIT: Pose -0.043 0.015 -2.85 0.004 -0.072 -0.013 
 
SUGGEST: Response -0.023 0.011 -2.16 0.031 -0.044 -0.002 
 
SUGGEST: Process 0.012 0.005 2.35 0.019 0.002 0.022 
 
ADMIN: Pose 0.013 0.006 2.32 0.02 0.002 0.024 
 
ADMIN: State 0.016 0.005 3.01 0.003 0.006 0.027 
 
DECLARE: Present 0.028 0.005 6.02 0 0.019 0.037 
 
SUGGEST: Approach 0.035 0.008 4.15 0 0.018 0.051 
Identity as Engineer 
      Conversation 2 
      
 
DECLARE: Activity 0.020 0.007 2.98 0.003 0.007 0.033 
 
SUGGEST: Process 0.021 0.006 3.81 0 0.010 0.032 
Conversation 3 
      
 
ADMIN: Pose 0.029 0.012 2.44 0.015 0.006 0.053 
 
DECLARE: Activity 0.032 0.010 3.21 0.001 0.013 0.052 
 
APT-C: Share Reasoning 0.038 0.014 2.73 0.006 0.011 0.065 
 
DECLARE: Present 0.043 0.009 4.51 0 0.024 0.061 
 
SUGGEST: Approach 0.082 0.016 5.07 0 0.050 0.114 
Conversation 4 
      
 
SUGGEST: Response 0.032 0.014 2.25 0.025 0.004 0.060 
 
ADMIN: State 0.043 0.010 4.39 0 0.024 0.062 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
ADMIN: Action 0.043 0.018 2.47 0.013 0.009 0.078 
 
DECLARE: Activity 0.044 0.013 3.28 0.001 0.018 0.070 
 
SUGGEST: Process 0.046 0.012 3.66 0 0.021 0.070 
Design Cycle 1 
      
 
DECLARE: Activity 0.015 0.006 2.55 0.011 0.003 0.026 
 
ADMIN: Pose 0.020 0.005 3.78 0 0.009 0.030 
 
SUGGEST: Process 0.020 0.005 4.22 0 0.011 0.029 
Design Cycle 2 
      
 
SUGGEST: Process 0.020 0.010 2.1 0.036 0.001 0.039 
 
APT-C: Share Reasoning 0.023 0.011 2.09 0.037 0.001 0.045 
 
ADMIN: Pose 0.024 0.010 2.46 0.014 0.005 0.042 
 
ADMIN: State 0.033 0.009 3.68 0 0.016 0.051 
 
DECLARE: Activity 0.036 0.008 4.49 0 0.020 0.052 
 
DECLARE: Present 0.044 0.008 5.49 0 0.028 0.060 
 
SUGGEST: Approach 0.065 0.013 5.05 0 0.040 0.090 
Sample of Conversations 
      
 
DECLARE: POV -0.021 0.010 -1.99 0.047 -0.041 0.000 
 
ELICIT: Process 0.015 0.007 2.15 0.032 0.001 0.029 
 
ADMIN: State 0.023 0.006 4.1 0 0.012 0.035 
 
SUGGEST: Process 0.025 0.005 4.85 0 0.015 0.035 
 
ADMIN: Pose 0.026 0.005 4.71 0 0.015 0.036 
 
DECLARE: Present 0.028 0.005 5.1 0 0.017 0.038 
 
DECLARE: Activity 0.029 0.005 5.42 0 0.018 0.039 
 
SUGGEST: Approach 0.037 0.008 4.36 0 0.020 0.053 
Identity of Intern 
      Conversation 4 
      
 
APT-C: Share Reasoning 0.008 0.004 1.99 0.047 0.000 0.016 
Design Cycle 1 
      
 
DECLARE: Present 0.005 0.002 3.28 0.001 0.002 0.008 
Design Cycle 2 
      
 
APT-C: Share Reasoning 0.004 0.002 2.47 0.014 0.001 0.008 
 
SUGGEST: Approach 0.005 0.002 2.04 0.041 0.000 0.009 
Sample of Conversations 
      
 
APT-C: Share Reasoning 0.002 0.001 2.35 0.019 0.000 0.005 
Skill of Collaboration 
      Conversation 2 
      
 
ADMIN: State 0.019 0.007 2.73 0.006 0.005 0.033 
 
APT-C: Share Reasoning 0.022 0.006 3.87 0 0.011 0.033 
 
SUGGEST: Process 0.022 0.006 3.81 0 0.011 0.034 
 
ADMIN: Pose 0.025 0.007 3.89 0 0.013 0.038 
 
ADMIN: Action 0.028 0.007 4.24 0 0.015 0.042 
Conversation 3 
      
 
SUGGEST: Process 0.041 0.015 2.77 0.006 0.012 0.070 
 
DECLARE: Inform 0.044 0.011 4.21 0 0.024 0.065 
 
ADMIN: State 0.054 0.018 3 0.003 0.019 0.089 
 
ADMIN: Pose 0.059 0.015 3.85 0 0.029 0.089 
 
DECLARE: Activity 0.067 0.013 5.25 0 0.042 0.092 
 
DECLARE: Present 0.069 0.013 5.32 0 0.044 0.095 
 
SUGGEST: Approach 0.076 0.028 2.75 0.006 0.022 0.130 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
APT-C: Share Reasoning 0.083 0.017 4.89 0 0.050 0.116 
Conversation 4 
      
 
DECLARE: Inform 0.028 0.010 2.71 0.007 0.008 0.048 
 
ADMIN: State 0.038 0.012 3.14 0.002 0.014 0.061 
 
SUGGEST: Process 0.054 0.015 3.68 0 0.025 0.083 
 
DECLARE: Present 0.081 0.019 4.28 0 0.044 0.119 
Design Cycle 1 
      
 
APT-C: Share Reasoning 0.015 0.004 3.35 0.001 0.006 0.023 
 
ELICIT: Process 0.020 0.005 3.69 0 0.009 0.030 
 
ADMIN: State 0.022 0.005 4.62 0 0.013 0.032 
 
SUGGEST: Process 0.025 0.004 5.87 0 0.016 0.033 
 
ADMIN: Action 0.028 0.005 5.46 0 0.018 0.037 
 
ADMIN: Pose 0.030 0.004 6.82 0 0.021 0.039 
Design Cycle 2 
      
 
ADMIN: Pose 0.041 0.012 3.33 0.001 0.017 0.065 
 
DECLARE: Inform 0.042 0.008 5.28 0 0.026 0.057 
 
SUGGEST: Process 0.050 0.011 4.49 0 0.028 0.071 
 
ADMIN: State 0.050 0.012 4.21 0 0.027 0.073 
 
SUGGEST: Approach 0.054 0.023 2.39 0.017 0.010 0.098 
 
APT-C: Share Reasoning 0.054 0.013 4.28 0 0.029 0.079 
 
DECLARE: Activity 0.062 0.010 6.11 0 0.042 0.082 
 
DECLARE: Present 0.072 0.010 6.93 0 0.051 0.092 
Sample of Conversations 
      
 
SUGGEST: Response 0.022 0.008 2.73 0.006 0.006 0.038 
 
ELICIT: Clarify 0.027 0.007 4.01 0 0.014 0.040 
 
ELICIT: Process 0.028 0.008 3.5 0 0.012 0.044 
 
APT-C: Share Reasoning 0.031 0.006 5.13 0 0.019 0.043 
 
SUGGEST: Approach 0.036 0.013 2.82 0.005 0.011 0.061 
 
ADMIN: Action 0.038 0.008 4.64 0 0.022 0.054 
 
DECLARE: Inform 0.042 0.005 8.54 0 0.032 0.052 
 
ADMIN: State 0.044 0.006 7.12 0 0.032 0.056 
 
SUGGEST: Process 0.044 0.006 7.97 0 0.033 0.055 
 
DECLARE: Activity 0.047 0.006 7.89 0 0.035 0.058 
 
DECLARE: Present 0.047 0.006 7.93 0 0.036 0.059 
 
ADMIN: Pose 0.048 0.006 8.28 0 0.037 0.060 
Skill of Professionalism 
      Conversation 1 
      
 
ADMIN: State 0.067 0.011 5.89 0 0.044 0.089 
 
APT-F: Press Reasoning 0.072 0.014 5.21 0 0.045 0.100 
 
ELICIT: Process 0.072 0.012 6.13 0 0.049 0.096 
 
SUGGEST: Process 0.075 0.010 7.64 0 0.056 0.094 
 
ADMIN: Pose 0.079 0.010 7.63 0 0.059 0.099 
 
SUGGEST: Role 0.087 0.011 7.91 0 0.066 0.109 
 
ADMIN: Action 0.095 0.011 8.42 0 0.073 0.118 
Conversation 2 
      
 
DECLARE: Activity 0.064 0.012 5.47 0 0.041 0.086 
 
ADMIN: State 0.071 0.011 6.51 0 0.049 0.092 
 
SUGGEST: Process 0.073 0.010 7.24 0 0.053 0.093 
 
SUGGEST: Role 0.075 0.012 6.4 0 0.052 0.098 
 
ELICIT: Process 0.075 0.011 7.05 0 0.055 0.096 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
ADMIN: Pose 0.080 0.011 7.56 0 0.060 0.101 
 
ADMIN: Action 0.103 0.011 9.71 0 0.082 0.123 
Conversation 3 
      
 
APT-C: Share Reasoning 0.042 0.015 2.74 0.006 0.012 0.072 
 
ELICIT: Process 0.056 0.011 4.9 0 0.033 0.078 
 
SUGGEST: Approach 0.058 0.019 3.1 0.002 0.021 0.094 
 
APT-C: Add More 0.059 0.025 2.37 0.018 0.010 0.108 
 
SUGGEST: Process 0.072 0.010 7.45 0 0.053 0.091 
 
ADMIN: State 0.075 0.011 6.92 0 0.053 0.096 
 
ADMIN: Pose 0.079 0.010 7.9 0 0.059 0.098 
 
ADMIN: Action 0.085 0.011 7.56 0 0.063 0.108 
 
SUGGEST: Role 0.090 0.012 7.67 0 0.067 0.114 
Conversation 4 
      
 
ADMIN: Pose 0.026 0.011 2.51 0.012 0.006 0.047 
 
ADMIN: State 0.038 0.009 4.09 0 0.020 0.055 
 
SUGGEST: Process 0.041 0.011 3.79 0 0.020 0.062 
 
DECLARE: Activity 0.043 0.011 3.92 0 0.022 0.065 
 
ADMIN: Action 0.054 0.012 4.51 0 0.031 0.077 
 
SUGGEST: Role 0.066 0.020 3.33 0.001 0.027 0.105 
Design Cycle 1 
      
 
DECLARE: Activity 0.050 0.010 5.28 0 0.032 0.069 
 
APT-F: Press Reasoning 0.063 0.012 5.29 0 0.039 0.086 
 
ADMIN: State 0.069 0.008 8.8 0 0.054 0.084 
 
ELICIT: Process 0.074 0.008 9.4 0 0.059 0.090 
 
SUGGEST: Process 0.075 0.007 10.5 0 0.061 0.088 
 
ADMIN: Pose 0.080 0.007 10.74 0 0.066 0.095 
 
SUGGEST: Role 0.082 0.008 10.21 0 0.066 0.098 
 
ADMIN: Action 0.100 0.008 13.1 0 0.085 0.115 
Design Cycle 2 
      
 
APT-C: Restate 0.029 0.013 2.2 0.028 0.003 0.054 
 
DECLARE: Activity 0.034 0.009 3.58 0 0.015 0.052 
 
SUGGEST: Approach 0.044 0.016 2.82 0.005 0.014 0.075 
 
ELICIT: Process 0.047 0.009 5.04 0 0.029 0.065 
 
ADMIN: State 0.062 0.008 7.88 0 0.046 0.077 
 
ADMIN: Pose 0.063 0.008 8.31 0 0.048 0.078 
 
SUGGEST: Process 0.064 0.008 8.49 0 0.049 0.079 
 
ADMIN: Action 0.078 0.009 8.95 0 0.061 0.095 
 
SUGGEST: Role 0.081 0.010 8.49 0 0.062 0.100 
Sample of Conversations 
      
 
DECLARE: Activity 0.041 0.007 6.06 0 0.027 0.054 
 
APT-F: Press Reasoning 0.054 0.010 5.17 0 0.033 0.074 
 
ELICIT: Process 0.062 0.006 10.61 0 0.051 0.073 
 
ADMIN: State 0.065 0.005 11.83 0 0.054 0.075 
 
SUGGEST: Process 0.068 0.005 13.48 0 0.059 0.078 
 
ADMIN: Pose 0.071 0.005 13.55 0 0.061 0.082 
 
SUGGEST: Role 0.079 0.006 13.15 0 0.067 0.090 
 
ADMIN: Action 0.090 0.006 15.95 0 0.079 0.101 
!
!
!
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Table H3 
 
AME results for epistemic elements with a high frequency of evidence in Nephrotex 
discourse. 
!
    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
Epistemology of Design 
! ! ! ! !Conversation 2 
! ! ! ! ! !
!
APT-C: Restate -0.106 0.048 -2.18 0.029 -0.201 -0.011 
 
ADMIN: Pose -0.077 0.038 -2.03 0.043 -0.151 -0.003 
 
DECLARE: Present 0.062 0.022 2.79 0.005 0.019 0.106 
 
SUGGEST: Process 0.075 0.015 5.08 0 0.046 0.104 
 
SUGGEST: Approach 0.096 0.026 3.64 0 0.044 0.147 
 
APT-C: Share Reasoning 0.121 0.012 9.83 0 0.097 0.145 
Conversation 3 
! ! ! ! ! !
!
DECLARE: Activity -0.121 0.036 -3.33 0.001 -0.192 -0.050 
 
DECLARE: POV -0.095 0.044 -2.15 0.032 -0.182 -0.008 
 
APT-C: Share Reasoning 0.094 0.021 4.55 0 0.053 0.134 
 
DECLARE: Present 0.099 0.014 6.95 0 0.071 0.127 
 
SUGGEST: Process 0.133 0.013 10.28 0 0.108 0.159 
 
SUGGEST: Approach 0.133 0.031 4.24 0 0.072 0.195 
Conversation 4 
! ! ! ! ! !
!
DECLARE: POV 0.087 0.022 4.02 0 0.045 0.130 
 
SUGGEST: Process 0.123 0.033 3.78 0 0.059 0.187 
 
ELICIT: Process 0.125 0.055 2.27 0.023 0.017 0.233 
 
SUGGEST: Approach 0.146 0.051 2.89 0.004 0.047 0.246 
 
ELICIT: Pose 0.173 0.024 7.35 0 0.127 0.219 
 
APT-C: Share Reasoning 0.180 0.022 8.35 0 0.138 0.222 
 
APT-F: Restate 0.205 0.056 3.66 0 0.095 0.315 
Design Cycle 1 
! ! ! ! ! !
!
ADMIN: State 0.058 0.013 4.3 0 0.031 0.084 
 
APT-C: Explain 0.064 0.011 5.65 0 0.042 0.087 
 
DECLARE: Present 0.071 0.013 5.47 0 0.045 0.096 
 
SUGGEST: Process 0.075 0.010 7.23 0 0.055 0.096 
 
SUGGEST: Approach 0.114 0.022 5.2 0 0.071 0.156 
 
APT-C: Share Reasoning 0.132 0.008 16.84 0 0.116 0.147 
Design Cycle 2 
! ! ! ! ! !
!
DECLARE: Activity -0.111 0.031 -3.58 0 -0.173 -0.050 
 
ELICIT: Clarify -0.050 0.019 -2.58 0.01 -0.088 -0.012 
 
DECLARE: Inform -0.035 0.013 -2.64 0.008 -0.062 -0.009 
 
ELICIT: Process 0.056 0.019 3 0.003 0.020 0.093 
 
ELICIT: Pose 0.071 0.018 4 0 0.036 0.106 
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Err.  
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Upper 
95% CI 
 
DECLARE: Present 0.087 0.015 6.01 0 0.059 0.116 
 
APT-F: Restate 0.098 0.042 2.33 0.02 0.016 0.181 
 
APT-C: Share Reasoning 0.123 0.015 8.27 0 0.094 0.152 
 
SUGGEST: Process 0.126 0.013 10.06 0 0.101 0.150 
 
SUGGEST: Approach 0.129 0.027 4.71 0 0.075 0.182 
Sample of Conversations 
! ! ! ! !
!
ADMIN: Action -0.082 0.029 -2.86 0.004 -0.139 -0.026 
 
DECLARE: Activity -0.062 0.018 -3.37 0.001 -0.099 -0.026 
 
ELICIT: Clarify -0.028 0.014 -2.02 0.043 -0.055 -0.001 
 
ADMIN: State 0.028 0.012 2.4 0.016 0.005 0.051 
 
ELICIT: Process 0.036 0.013 2.89 0.004 0.012 0.061 
 
APT-C: Explain 0.038 0.011 3.57 0 0.017 0.058 
 
APT-F: Restate 0.075 0.029 2.56 0.01 0.018 0.132 
 
DECLARE: Present 0.078 0.010 8.18 0 0.060 0.097 
 
SUGGEST: Process 0.095 0.008 11.86 0 0.079 0.110 
 
SUGGEST: Approach 0.119 0.017 6.94 0 0.085 0.153 
 
APT-C: Share Reasoning 0.126 0.007 17.67 0 0.112 0.140 
Knowledge of Design 
! ! ! ! ! !Conversation 1 
! ! ! ! ! !
!
APT-C: Restate 0.136 0.046 2.95 0.003 0.046 0.226 
 
APT-F: Press Reasoning 0.136 0.053 2.54 0.011 0.031 0.241 
 
SUGGEST: Response 0.141 0.046 3.07 0.002 0.051 0.232 
 
ELICIT: Clarify 0.143 0.040 3.56 0 0.065 0.222 
 
DECLARE: Inform 0.148 0.037 3.96 0 0.075 0.222 
 
ELICIT: Process 0.152 0.042 3.66 0 0.070 0.233 
 
DECLARE: POV 0.162 0.028 5.9 0 0.108 0.216 
 
APT-F: Say More 0.180 0.054 3.31 0.001 0.074 0.287 
 
ELICIT: Pose 0.183 0.034 5.45 0 0.117 0.249 
 
APT-F: Revoice 0.191 0.071 2.71 0.007 0.053 0.329 
 
APT-C: Add More 0.209 0.038 5.44 0 0.134 0.285 
 
APT-C: Say More 0.238 0.037 6.35 0 0.164 0.311 
 
DECLARE: Present 0.241 0.029 8.26 0 0.183 0.298 
 
SUGGEST: Process 0.260 0.027 9.66 0 0.208 0.313 
 
APT-C: Explain 0.261 0.026 9.88 0 0.209 0.313 
 
ADMIN: Pose 0.305 0.028 10.97 0 0.251 0.360 
 
APT-F: Challenge 0.309 0.031 9.96 0 0.249 0.370 
 
ADMIN: State 0.323 0.028 11.37 0 0.267 0.378 
 
APT-C: Share Reasoning 0.354 0.022 15.82 0 0.310 0.398 
Conversation 2 
! ! ! ! ! !
!
APT-C: Add More -0.150 0.069 -2.18 0.029 -0.284 -0.015 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
APT-C: Explain 0.078 0.032 2.45 0.014 0.016 0.140 
 
ADMIN: Action 0.134 0.035 3.81 0 0.065 0.203 
 
ELICIT: Process 0.140 0.031 4.56 0 0.080 0.200 
 
APT-C: Share Reasoning 0.165 0.024 7.02 0 0.119 0.211 
 
DECLARE: Present 0.175 0.036 4.85 0 0.104 0.246 
 
SUGGEST: Process 0.183 0.025 7.42 0 0.135 0.231 
 
ADMIN: Pose 0.188 0.031 6.15 0 0.128 0.248 
 
ADMIN: State 0.192 0.029 6.62 0 0.135 0.249 
 
SUGGEST: Approach 0.222 0.047 4.69 0 0.129 0.315 
Conversation 3 
! ! ! ! ! !
!
DECLARE: Activity -0.089 0.035 -2.59 0.01 -0.157 -0.022 
 
ELICIT: Clarify 0.057 0.026 2.18 0.029 0.006 0.108 
 
ADMIN: State 0.112 0.036 3.14 0.002 0.042 0.182 
 
SUGGEST: Role 0.119 0.051 2.31 0.021 0.018 0.219 
 
SUGGEST: Response 0.121 0.029 4.17 0 0.064 0.178 
 
APT-C: Share Reasoning 0.136 0.038 3.59 0 0.062 0.211 
 
DECLARE: Present 0.180 0.025 7.11 0 0.130 0.230 
 
ADMIN: Pose 0.199 0.029 6.89 0 0.142 0.256 
 
ADMIN: Action 0.205 0.043 4.78 0 0.121 0.290 
 
ELICIT: Pose 0.215 0.036 6 0 0.145 0.285 
 
SUGGEST: Process 0.293 0.024 12.38 0 0.247 0.340 
 
ELICIT: Process 0.312 0.029 10.89 0 0.256 0.368 
 
SUGGEST: Approach 0.366 0.063 5.84 0 0.243 0.489 
Conversation 4 
! ! ! ! ! !
!
APT-F: Challenge 0.107 0.051 2.08 0.038 0.006 0.207 
 
DECLARE: POV 0.127 0.035 3.67 0 0.059 0.195 
 
SUGGEST: Response 0.164 0.056 2.94 0.003 0.055 0.274 
 
SUGGEST: Process 0.176 0.058 3.04 0.002 0.063 0.289 
 
APT-C: Restate 0.198 0.052 3.81 0 0.096 0.299 
 
ELICIT: Pose 0.248 0.045 5.47 0 0.159 0.336 
 
APT-C: Share Reasoning 0.252 0.042 6.06 0 0.170 0.333 
 
DECLARE: Present 0.327 0.105 3.11 0.002 0.121 0.533 
 
APT-F: Restate 0.364 0.124 2.93 0.003 0.120 0.608 
Design Cycle 1 
! ! ! ! ! !
!
ELICIT: Pose 0.054 0.021 2.58 0.01 0.013 0.095 
 
SUGGEST: Response 0.062 0.024 2.6 0.009 0.015 0.109 
 
APT-C: Say More 0.080 0.031 2.6 0.009 0.020 0.141 
 
ADMIN: Action 0.084 0.028 3.04 0.002 0.030 0.138 
 
APT-F: Challenge 0.106 0.028 3.82 0 0.052 0.160 
 
APT-C: Explain 0.117 0.019 6.18 0 0.080 0.154 
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Delta-
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Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
ELICIT: Process 0.117 0.023 5.11 0 0.072 0.162 
 
DECLARE: Present 0.136 0.021 6.32 0 0.094 0.178 
 
SUGGEST: Process 0.171 0.017 10.16 0 0.138 0.204 
 
ADMIN: Pose 0.195 0.019 10.04 0 0.157 0.233 
 
ADMIN: State 0.211 0.019 10.96 0 0.173 0.249 
 
APT-C: Share Reasoning 0.218 0.014 15.53 0 0.190 0.245 
 
SUGGEST: Approach 0.248 0.040 6.2 0 0.170 0.327 
Sample of Conversations 
! ! ! ! !
!
APT-F: Press Reasoning -0.117 0.057 -2.06 0.039 -0.228 -0.006 
 
DECLARE: Inform 0.042 0.014 3.03 0.002 0.015 0.068 
 
ELICIT: Clarify 0.062 0.017 3.73 0 0.030 0.095 
 
APT-C: Restate 0.089 0.021 4.13 0 0.047 0.131 
 
APT-C: Explain 0.103 0.017 6.19 0 0.071 0.136 
 
SUGGEST: Response 0.106 0.018 5.98 0 0.072 0.141 
 
APT-F: Challenge 0.110 0.024 4.56 0 0.062 0.157 
 
ADMIN: Action 0.110 0.024 4.69 0 0.064 0.156 
 
ELICIT: Pose 0.121 0.017 7.14 0 0.088 0.154 
 
APT-F: Restate 0.166 0.050 3.3 0.001 0.068 0.265 
 
DECLARE: Present 0.170 0.017 10.22 0 0.137 0.202 
 
ADMIN: State 0.174 0.016 10.54 0 0.142 0.206 
 
ADMIN: Pose 0.189 0.016 11.86 0 0.158 0.220 
 
ELICIT: Process 0.201 0.018 11.31 0 0.166 0.236 
 
APT-C: Share Reasoning 0.218 0.014 16.17 0 0.192 0.245 
 
SUGGEST: Process 0.221 0.014 15.83 0 0.193 0.248 
 
SUGGEST: Approach 0.290 0.033 8.89 0 0.226 0.353 
Skill of Design 
! ! ! ! ! !Conversation 1 
! ! ! ! ! !
!
SUGGEST: Response 0.073 0.037 1.97 0.049 0.000 0.146 
 
DECLARE: POV 0.074 0.021 3.47 0.001 0.032 0.116 
 
ELICIT: Process 0.080 0.033 2.38 0.017 0.014 0.145 
 
ELICIT: Pose 0.084 0.028 3.02 0.003 0.030 0.138 
 
APT-F: Press Reasoning 0.089 0.040 2.22 0.026 0.010 0.168 
 
APT-C: Say More 0.099 0.034 2.94 0.003 0.033 0.165 
 
APT-F: Revoice 0.115 0.056 2.03 0.042 0.004 0.225 
 
APT-C: Explain 0.147 0.020 7.45 0 0.108 0.186 
 
DECLARE: Present 0.149 0.021 6.94 0 0.107 0.191 
 
APT-F: Challenge 0.157 0.025 6.2 0 0.107 0.206 
 
SUGGEST: Process 0.185 0.019 9.88 0 0.149 0.222 
 
APT-C: Share Reasoning 0.186 0.017 11.18 0 0.154 0.219 
 
ADMIN: Pose 0.189 0.020 9.2 0 0.148 0.229 
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Delta-
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Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
ADMIN: State 0.201 0.021 9.63 0 0.160 0.242 
Conversation 2 
! ! ! ! ! !
!
DECLARE: POV -0.189 0.045 -4.16 0 -0.278 -0.100 
 
APT-F: Challenge -0.148 0.068 -2.19 0.028 -0.281 -0.016 
 
DECLARE: Inform -0.081 0.033 -2.48 0.013 -0.146 -0.017 
 
ADMIN: Action 0.082 0.029 2.84 0.004 0.026 0.139 
 
ADMIN: State 0.085 0.025 3.37 0.001 0.035 0.134 
 
DECLARE: Present 0.089 0.030 2.95 0.003 0.030 0.148 
 
ADMIN: Pose 0.091 0.026 3.49 0 0.040 0.142 
 
SUGGEST: Process 0.115 0.021 5.55 0 0.075 0.156 
 
APT-C: Share Reasoning 0.125 0.020 6.38 0 0.086 0.163 
 
SUGGEST: Approach 0.136 0.037 3.68 0 0.064 0.208 
Conversation 3 
! ! ! ! ! !
!
DECLARE: POV -0.103 0.047 -2.17 0.03 -0.196 -0.010 
 
DECLARE: Activity -0.066 0.030 -2.19 0.028 -0.126 -0.007 
 
DECLARE: Present 0.086 0.021 4.11 0 0.045 0.128 
 
ELICIT: Pose 0.090 0.030 3.01 0.003 0.031 0.149 
 
APT-C: Share Reasoning 0.104 0.029 3.57 0 0.047 0.162 
 
SUGGEST: Role 0.107 0.039 2.76 0.006 0.031 0.183 
 
ADMIN: Pose 0.118 0.023 5.18 0 0.073 0.163 
 
ADMIN: Action 0.132 0.033 4.01 0 0.068 0.197 
 
ELICIT: Process 0.173 0.021 8.08 0 0.131 0.215 
 
SUGGEST: Process 0.195 0.017 11.17 0 0.161 0.229 
 
SUGGEST: Approach 0.273 0.042 6.5 0 0.191 0.355 
Conversation 4 
! ! ! ! ! !
!
ELICIT: Pose 0.097 0.035 2.8 0.005 0.029 0.166 
 
SUGGEST: Response 0.134 0.039 3.43 0.001 0.057 0.210 
 
APT-C: Share Reasoning 0.138 0.030 4.63 0 0.079 0.196 
 
APT-C: Restate 0.139 0.036 3.82 0 0.068 0.210 
 
DECLARE: Present 0.150 0.070 2.15 0.031 0.013 0.287 
 
SUGGEST: Approach 0.162 0.065 2.49 0.013 0.035 0.289 
 
ELICIT: Process 0.172 0.066 2.62 0.009 0.043 0.301 
 
APT-F: Revoice 0.177 0.067 2.65 0.008 0.046 0.309 
 
SUGGEST: Process 0.191 0.037 5.1 0 0.117 0.264 
Design Cycle 1 
! ! ! ! ! !
!
DECLARE: POV -0.051 0.020 -2.55 0.011 -0.090 -0.012 
 
ELICIT: Process 0.056 0.020 2.8 0.005 0.017 0.096 
 
ADMIN: Action 0.067 0.022 3.03 0.002 0.024 0.110 
 
APT-C: Explain 0.078 0.016 5.01 0 0.047 0.108 
 
DECLARE: Present 0.096 0.017 5.55 0 0.062 0.130 
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95% CI 
 
ADMIN: Pose 0.129 0.016 8.25 0 0.098 0.159 
 
ADMIN: State 0.134 0.015 8.66 0 0.104 0.165 
 
SUGGEST: Process 0.139 0.013 10.78 0 0.114 0.165 
 
APT-C: Share Reasoning 0.139 0.011 12.21 0 0.117 0.162 
 
SUGGEST: Approach 0.171 0.030 5.63 0 0.111 0.230 
Design Cycle 2 
! ! ! ! ! !
!
DECLARE: Activity -0.073 0.029 -2.56 0.011 -0.129 -0.017 
 
DECLARE: Inform -0.040 0.018 -2.26 0.024 -0.075 -0.005 
 
SUGGEST: Response 0.060 0.023 2.64 0.008 0.015 0.104 
 
ADMIN: Pose 0.064 0.022 2.95 0.003 0.022 0.107 
 
DECLARE: Present 0.077 0.022 3.53 0 0.034 0.119 
 
ELICIT: Pose 0.081 0.025 3.3 0.001 0.033 0.129 
 
SUGGEST: Role 0.095 0.039 2.46 0.014 0.019 0.170 
 
ADMIN: Action 0.100 0.031 3.2 0.001 0.039 0.162 
 
APT-C: Share Reasoning 0.108 0.023 4.76 0 0.064 0.153 
 
APT-F: Revoice 0.138 0.053 2.61 0.009 0.035 0.242 
 
ELICIT: Process 0.159 0.022 7.21 0 0.116 0.203 
 
SUGGEST: Process 0.181 0.018 9.94 0 0.145 0.216 
 
SUGGEST: Approach 0.224 0.036 6.21 0 0.153 0.295 
Sample of Conversations 
! ! ! ! !
!
DECLARE: POV -0.048 0.017 -2.86 0.004 -0.080 -0.015 
 
SUGGEST: Response 0.045 0.016 2.87 0.004 0.014 0.075 
 
APT-C: Explain 0.057 0.014 4.01 0 0.029 0.085 
 
APT-F: Revoice 0.073 0.036 2.01 0.044 0.002 0.145 
 
ADMIN: Action 0.076 0.019 4.03 0 0.039 0.113 
 
ADMIN: State 0.077 0.014 5.33 0 0.049 0.105 
 
DECLARE: Present 0.089 0.014 6.29 0 0.061 0.117 
 
ADMIN: Pose 0.102 0.013 7.58 0 0.076 0.129 
 
ELICIT: Process 0.105 0.015 7.07 0 0.076 0.135 
 
APT-C: Share Reasoning 0.128 0.012 11.16 0 0.106 0.151 
 
SUGGEST: Process 0.156 0.011 13.72 0 0.134 0.179 
 
SUGGEST: Approach 0.198 0.023 8.44 0 0.152 0.244 
Knowledge of Attribute 
! ! ! ! !Conversation 1 
! ! ! ! ! !
!
ADMIN: Action -0.294 0.123 -2.38 0.017 -0.535 -0.052 
 
SUGGEST: Process 0.104 0.032 3.3 0.001 0.042 0.166 
 
DECLARE: Activity 0.184 0.036 5.14 0 0.114 0.255 
 
APT-F: Say More 0.236 0.053 4.45 0 0.132 0.340 
 
ELICIT: Clarify 0.287 0.033 8.67 0 0.222 0.352 
 
DECLARE: Inform 0.328 0.030 10.86 0 0.269 0.387 
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APT-C: Add More 0.337 0.036 9.3 0 0.266 0.408 
 
APT-C: Say More 0.340 0.037 9.08 0 0.267 0.414 
 
ELICIT: Pose 0.342 0.029 11.9 0 0.286 0.398 
 
APT-F: Press Reasoning 0.380 0.043 8.81 0 0.295 0.464 
 
APT-F: Challenge 0.404 0.033 12.1 0 0.338 0.469 
 
APT-C: Explain 0.411 0.023 17.58 0 0.365 0.457 
 
APT-F: Revoice 0.424 0.069 6.12 0 0.288 0.560 
 
APT-C: Share Reasoning 0.473 0.019 24.26 0 0.435 0.511 
 
SUGGEST: Response 0.503 0.039 12.74 0 0.426 0.581 
 
DECLARE: POV 0.535 0.020 26.93 0 0.496 0.574 
 
DECLARE: Present 0.553 0.028 19.42 0 0.497 0.608 
 
APT-C: Restate 0.694 0.053 13.01 0 0.589 0.798 
Conversation 2 
! ! ! ! ! !
!
ADMIN: State -0.304 0.108 -2.83 0.005 -0.515 -0.094 
 
ELICIT: Process -0.147 0.055 -2.69 0.007 -0.254 -0.040 
 
DECLARE: Activity -0.098 0.045 -2.16 0.03 -0.186 -0.009 
 
SUGGEST: Process -0.092 0.035 -2.6 0.009 -0.161 -0.022 
 
ELICIT: Clarify 0.102 0.022 4.72 0 0.060 0.145 
 
DECLARE: Inform 0.162 0.017 9.73 0 0.130 0.195 
 
DECLARE: Present 0.169 0.023 7.51 0 0.125 0.214 
 
APT-C: Explain 0.189 0.018 10.69 0 0.154 0.224 
 
APT-F: Challenge 0.200 0.026 7.82 0 0.150 0.250 
 
APT-C: Add More 0.210 0.025 8.46 0 0.161 0.259 
 
APT-C: Share Reasoning 0.279 0.013 21.91 0 0.254 0.303 
Conversation 3 
! ! ! ! ! !
!
ADMIN: Pose -0.499 0.149 -3.36 0.001 -0.790 -0.208 
 
DECLARE: Activity -0.455 0.106 -4.31 0 -0.662 -0.248 
 
ELICIT: Process -0.221 0.062 -3.54 0 -0.343 -0.099 
 
ELICIT: Clarify 0.104 0.022 4.62 0 0.060 0.147 
 
SUGGEST: Response 0.165 0.024 6.83 0 0.117 0.212 
 
DECLARE: POV 0.177 0.028 6.23 0 0.121 0.232 
 
APT-C: Restate 0.208 0.030 6.86 0 0.148 0.267 
 
APT-C: Explain 0.233 0.034 6.76 0 0.165 0.300 
 
DECLARE: Inform 0.290 0.014 20.99 0 0.263 0.317 
 
APT-C: Share Reasoning 0.335 0.029 11.74 0 0.279 0.391 
 
APT-F: Challenge 0.372 0.053 7.06 0 0.269 0.475 
 
DECLARE: Present 0.464 0.021 22.63 0 0.424 0.505 
Conversation 4 
! ! ! ! ! !
!
ADMIN: Pose -0.340 0.155 -2.2 0.028 -0.643 -0.037 
 
DECLARE: POV 0.136 0.040 3.45 0.001 0.059 0.214 
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ELICIT: Clarify 0.168 0.039 4.29 0 0.091 0.244 
 
APT-F: Revoice 0.200 0.091 2.2 0.028 0.022 0.379 
 
SUGGEST: Response 0.236 0.050 4.7 0 0.138 0.335 
 
DECLARE: Inform 0.318 0.029 10.8 0 0.260 0.375 
 
APT-C: Restate 0.325 0.044 7.34 0 0.238 0.412 
 
APT-F: Challenge 0.381 0.041 9.26 0 0.300 0.462 
 
APT-C: Explain 0.411 0.030 13.8 0 0.353 0.470 
 
DECLARE: Present 0.440 0.080 5.46 0 0.282 0.597 
 
APT-C: Add More 0.455 0.055 8.32 0 0.348 0.562 
 
APT-C: Share Reasoning 0.497 0.036 13.76 0 0.426 0.568 
Design Cycle 1 
! ! ! ! ! !
!
ADMIN: Action -0.416 0.113 -3.68 0 -0.638 -0.195 
 
ADMIN: Pose -0.178 0.046 -3.9 0 -0.268 -0.089 
 
SUGGEST: Role -0.099 0.045 -2.22 0.026 -0.187 -0.012 
 
ELICIT: Process -0.094 0.040 -2.38 0.017 -0.172 -0.017 
 
ELICIT: Pose 0.143 0.020 7.16 0 0.104 0.182 
 
APT-F: Say More 0.148 0.041 3.64 0 0.069 0.228 
 
ELICIT: Clarify 0.189 0.022 8.64 0 0.146 0.232 
 
APT-C: Say More 0.205 0.028 7.44 0 0.151 0.259 
 
SUGGEST: Response 0.206 0.021 9.86 0 0.165 0.248 
 
APT-F: Revoice 0.237 0.049 4.86 0 0.142 0.333 
 
APT-F: Press Reasoning 0.240 0.033 7.3 0 0.175 0.304 
 
DECLARE: Inform 0.247 0.019 13.3 0 0.210 0.283 
 
APT-C: Restate 0.284 0.022 12.69 0 0.240 0.328 
 
APT-C: Add More 0.300 0.025 12.11 0 0.252 0.349 
 
DECLARE: POV 0.323 0.014 22.57 0 0.295 0.352 
 
APT-C: Explain 0.330 0.016 20.06 0 0.297 0.362 
 
APT-F: Challenge 0.333 0.024 14.13 0 0.287 0.380 
 
DECLARE: Present 0.394 0.019 20.73 0 0.357 0.431 
 
APT-C: Share Reasoning 0.415 0.013 31.68 0 0.390 0.441 
Design Cycle 2 
! ! ! ! ! !
!
ADMIN: Pose -0.484 0.112 -4.33 0 -0.703 -0.265 
 
DECLARE: Activity -0.437 0.092 -4.76 0 -0.616 -0.257 
 
ELICIT: Process -0.221 0.062 -3.59 0 -0.342 -0.101 
 
SUGGEST: Process -0.065 0.033 -1.97 0.049 -0.130 0.000 
 
APT-C: Say More 0.102 0.049 2.06 0.039 0.005 0.198 
 
ELICIT: Clarify 0.107 0.021 4.99 0 0.065 0.149 
 
DECLARE: POV 0.129 0.024 5.31 0 0.081 0.177 
 
SUGGEST: Response 0.176 0.024 7.35 0 0.129 0.223 
 
APT-C: Restate 0.237 0.027 8.84 0 0.184 0.290 
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APT-C: Add More 0.286 0.042 6.81 0 0.204 0.368 
 
DECLARE: Inform 0.295 0.015 19.68 0 0.266 0.324 
 
APT-C: Explain 0.316 0.022 14.16 0 0.273 0.360 
 
APT-F: Challenge 0.342 0.032 10.62 0 0.279 0.405 
 
APT-C: Share Reasoning 0.391 0.024 16.39 0 0.345 0.438 
 
DECLARE: Present 0.487 0.023 21.49 0 0.443 0.532 
Sample of Conversations 
! ! ! ! !
!
ADMIN: Action -0.470 0.110 -4.26 0 -0.686 -0.254 
 
ADMIN: Pose -0.260 0.041 -6.32 0 -0.341 -0.180 
 
ADMIN: State -0.171 0.033 -5.25 0 -0.235 -0.107 
 
SUGGEST: Role -0.146 0.043 -3.39 0.001 -0.231 -0.062 
 
ELICIT: Process -0.134 0.033 -4.1 0 -0.198 -0.070 
 
DECLARE: Activity -0.076 0.025 -3.07 0.002 -0.125 -0.028 
 
DECLARE: Present 0.004 0.001 3.67 0 0.002 0.006 
 
APT-F: Say More 0.098 0.035 2.83 0.005 0.030 0.167 
 
ELICIT: Pose 0.109 0.017 6.49 0 0.076 0.142 
 
ELICIT: Clarify 0.148 0.015 10.08 0 0.119 0.176 
 
APT-C: Say More 0.176 0.024 7.48 0 0.130 0.223 
 
APT-F: Revoice 0.193 0.039 4.97 0 0.117 0.270 
 
SUGGEST: Response 0.195 0.015 12.67 0 0.165 0.225 
 
APT-F: Press Reasoning 0.214 0.031 6.97 0 0.154 0.274 
 
DECLARE: POV 0.258 0.012 21.09 0 0.234 0.282 
 
APT-C: Restate 0.263 0.017 15.64 0 0.230 0.296 
 
APT-C: Add More 0.290 0.021 13.79 0 0.249 0.331 
 
DECLARE: Inform 0.291 0.010 28.08 0 0.271 0.311 
 
APT-C: Explain 0.322 0.013 24.67 0 0.296 0.348 
 
APT-F: Challenge 0.332 0.019 17.75 0 0.295 0.369 
 
APT-C: Share Reasoning 0.401 0.012 34.69 0 0.378 0.424 
 
DECLARE: Present 0.436 0.014 31.06 0 0.408 0.463 
Knowledge of CNT 
! ! ! ! ! !Conversation 1 
! ! ! ! ! !
!
DECLARE: Activity 0.046 0.018 2.53 0.011 0.010 0.082 
 
APT-F: Challenge 0.051 0.018 2.77 0.006 0.015 0.087 
 
APT-C: Explain 0.051 0.014 3.77 0 0.025 0.078 
 
APT-C: Share Reasoning 0.054 0.012 4.51 0 0.030 0.077 
 
ELICIT: Clarify 0.061 0.016 3.73 0 0.029 0.093 
 
APT-C: Say More 0.068 0.017 3.88 0 0.033 0.102 
 
APT-C: Add More 0.085 0.015 5.74 0 0.056 0.114 
 
DECLARE: Inform 0.097 0.012 7.85 0 0.072 0.121 
 
APT-F: Revoice 0.102 0.022 4.7 0 0.060 0.145 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
SUGGEST: Approach 0.114 0.042 2.71 0.007 0.032 0.197 
 
DECLARE: Present 0.141 0.011 13.37 0 0.120 0.162 
Conversation 2 
! ! ! ! ! !
!
APT-C: Say More 0.103 0.035 2.96 0.003 0.035 0.172 
 
APT-F: Press Reasoning 0.111 0.044 2.51 0.012 0.025 0.198 
 
APT-F: Challenge 0.140 0.029 4.79 0 0.083 0.197 
 
APT-F: Say More 0.143 0.040 3.63 0 0.066 0.221 
 
ELICIT: Pose 0.148 0.018 8.12 0 0.112 0.184 
 
DECLARE: POV 0.149 0.019 7.82 0 0.111 0.186 
 
ELICIT: Clarify 0.151 0.021 7.24 0 0.110 0.192 
 
APT-C: Explain 0.152 0.020 7.51 0 0.113 0.192 
 
SUGGEST: Approach 0.155 0.030 5.23 0 0.097 0.213 
 
DECLARE: Inform 0.161 0.018 8.74 0 0.125 0.197 
 
APT-C: Add More 0.162 0.026 6.21 0 0.111 0.213 
 
SUGGEST: Response 0.178 0.018 10.01 0 0.143 0.213 
 
APT-C: Restate 0.207 0.019 10.81 0 0.169 0.245 
 
APT-F: Revoice 0.226 0.036 6.2 0 0.155 0.298 
 
APT-C: Share Reasoning 0.229 0.015 14.87 0 0.199 0.259 
 
DECLARE: Present 0.238 0.019 12.53 0 0.201 0.275 
Conversation 4 
! ! ! ! ! !
!
APT-C: Add More 0.049 0.022 2.19 0.029 0.005 0.092 
 
ELICIT: Clarify 0.049 0.013 3.79 0 0.023 0.074 
 
DECLARE: Inform 0.057 0.011 5.34 0 0.036 0.078 
 
SUGGEST: Approach 0.061 0.027 2.22 0.026 0.007 0.114 
Design Cycle 1 
! ! ! ! ! !
!
DECLARE: Activity 0.067 0.020 3.43 0.001 0.029 0.105 
 
APT-F: Press Reasoning 0.069 0.030 2.29 0.022 0.010 0.129 
 
DECLARE: POV 0.088 0.014 6.51 0 0.062 0.115 
 
APT-F: Say More 0.094 0.028 3.41 0.001 0.040 0.149 
 
APT-C: Say More 0.100 0.020 5.04 0 0.061 0.139 
 
APT-F: Challenge 0.103 0.019 5.52 0 0.066 0.139 
 
APT-C: Explain 0.110 0.014 8.04 0 0.083 0.137 
 
ELICIT: Pose 0.115 0.013 8.53 0 0.089 0.142 
 
ELICIT: Clarify 0.120 0.015 8.2 0 0.091 0.149 
 
APT-C: Add More 0.139 0.016 8.6 0 0.107 0.170 
 
SUGGEST: Response 0.140 0.014 10.34 0 0.113 0.166 
 
SUGGEST: Approach 0.145 0.022 6.45 0 0.101 0.189 
 
DECLARE: Inform 0.147 0.013 11.6 0 0.122 0.171 
 
APT-C: Restate 0.152 0.014 10.7 0 0.124 0.180 
 
APT-C: Share Reasoning 0.154 0.011 13.79 0 0.132 0.176 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
APT-F: Revoice 0.178 0.022 7.92 0 0.134 0.222 
 
DECLARE: Present 0.210 0.012 17.9 0 0.187 0.233 
Design Cycle 2 
! ! ! ! ! !
!
ELICIT: Clarify 0.072 0.012 6 0 0.048 0.095 
 
APT-C: Share Reasoning 0.081 0.015 5.33 0 0.051 0.111 
 
APT-C: Say More 0.083 0.026 3.21 0.001 0.033 0.134 
 
APT-C: Restate 0.091 0.015 5.92 0 0.061 0.121 
 
APT-C: Add More 0.094 0.024 3.9 0 0.047 0.142 
 
DECLARE: Inform 0.101 0.009 11.08 0 0.083 0.118 
 
APT-F: Press Reasoning 0.129 0.042 3.06 0.002 0.046 0.212 
 
DECLARE: Present 0.130 0.011 11.61 0 0.108 0.153 
 
SUGGEST: Response 0.179 0.010 17.56 0 0.159 0.199 
Sample of Conversations 
! ! ! ! !
!
DECLARE: Activity 0.051 0.015 3.48 0.001 0.022 0.080 
 
DECLARE: POV 0.070 0.011 6.16 0 0.048 0.093 
 
APT-F: Say More 0.076 0.024 3.12 0.002 0.028 0.124 
 
APT-F: Press Reasoning 0.083 0.025 3.4 0.001 0.035 0.132 
 
APT-F: Challenge 0.085 0.016 5.31 0 0.053 0.116 
 
APT-C: Explain 0.091 0.011 8.03 0 0.068 0.113 
 
ELICIT: Pose 0.098 0.011 8.75 0 0.076 0.120 
 
APT-C: Say More 0.101 0.016 6.24 0 0.069 0.132 
 
ELICIT: Clarify 0.106 0.010 10.37 0 0.086 0.126 
 
SUGGEST: Approach 0.119 0.018 6.45 0 0.083 0.156 
 
APT-C: Add More 0.131 0.013 9.74 0 0.105 0.158 
 
DECLARE: Inform 0.133 0.008 15.76 0 0.117 0.150 
 
APT-C: Restate 0.136 0.011 12.37 0 0.115 0.158 
 
APT-C: Share Reasoning 0.142 0.009 15.81 0 0.124 0.160 
 
APT-F: Revoice 0.153 0.019 8 0 0.116 0.191 
 
SUGGEST: Response 0.178 0.009 19.64 0 0.160 0.196 
 
DECLARE: Present 0.186 0.009 20.78 0 0.169 0.204 
Knowledge of Manufacturing 
! ! ! ! !Conversation 2 
! ! ! ! ! !
!
DECLARE: Activity 0.082 0.034 2.4 0.017 0.015 0.148 
 
APT-C: Explain 0.129 0.027 4.84 0 0.077 0.181 
 
APT-F: Challenge 0.134 0.037 3.64 0 0.062 0.206 
 
DECLARE: Inform 0.151 0.023 6.68 0 0.107 0.196 
 
APT-C: Say More 0.170 0.033 5.21 0 0.106 0.234 
 
APT-C: Add More 0.173 0.032 5.49 0 0.111 0.235 
 
DECLARE: POV 0.186 0.020 9.19 0 0.146 0.226 
 
ELICIT: Clarify 0.190 0.023 8.43 0 0.146 0.234 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
ELICIT: Pose 0.224 0.018 12.32 0 0.188 0.259 
 
APT-F: Press Reasoning 0.259 0.034 7.58 0 0.192 0.326 
 
APT-C: Share Reasoning 0.260 0.017 15.47 0 0.227 0.293 
 
DECLARE: Present 0.273 0.022 12.51 0 0.231 0.316 
 
SUGGEST: Response 0.276 0.018 15.76 0 0.242 0.311 
 
SUGGEST: Approach 0.279 0.028 10.11 0 0.225 0.333 
 
APT-C: Restate 0.290 0.020 14.32 0 0.250 0.329 
 
APT-F: Revoice 0.309 0.042 7.3 0 0.226 0.393 
Conversation 3 
! ! ! ! ! !
!
ELICIT: Clarify 0.062 0.018 3.39 0.001 0.026 0.098 
 
APT-C: Say More 0.088 0.034 2.61 0.009 0.022 0.153 
 
APT-C: Share Reasoning 0.093 0.022 4.17 0 0.049 0.136 
 
ELICIT: Pose 0.099 0.021 4.63 0 0.057 0.141 
 
DECLARE: Inform 0.114 0.013 8.91 0 0.089 0.139 
 
DECLARE: Present 0.141 0.014 9.86 0 0.113 0.169 
 
APT-C: Restate 0.153 0.017 8.95 0 0.119 0.186 
 
SUGGEST: Response 0.214 0.013 16.27 0 0.188 0.240 
Conversation 4 
! ! ! ! ! !
!
DECLARE: Inform 0.048 0.011 4.39 0 0.026 0.069 
 
APT-C: Restate 0.051 0.017 2.98 0.003 0.017 0.084 
 
ELICIT: Clarify 0.056 0.012 4.63 0 0.032 0.080 
 
SUGGEST: Response 0.064 0.016 3.91 0 0.032 0.097 
Design Cycle 1 
! ! ! ! ! !
!
SUGGEST: Process 0.052 0.019 2.7 0.007 0.014 0.089 
 
DECLARE: Activity 0.060 0.023 2.67 0.007 0.016 0.105 
 
APT-C: Explain 0.080 0.017 4.68 0 0.046 0.113 
 
APT-F: Challenge 0.083 0.023 3.64 0 0.038 0.127 
 
APT-F: Say More 0.091 0.031 2.94 0.003 0.030 0.152 
 
DECLARE: POV 0.101 0.014 7.24 0 0.074 0.129 
 
APT-C: Add More 0.120 0.019 6.23 0 0.082 0.158 
 
APT-C: Say More 0.122 0.020 6.16 0 0.083 0.161 
 
DECLARE: Inform 0.135 0.014 9.38 0 0.107 0.164 
 
APT-F: Press Reasoning 0.137 0.022 6.26 0 0.094 0.180 
 
ELICIT: Clarify 0.139 0.015 9.08 0 0.109 0.169 
 
ELICIT: Pose 0.157 0.013 11.97 0 0.131 0.183 
 
APT-C: Share Reasoning 0.157 0.012 13.03 0 0.134 0.181 
 
APT-F: Revoice 0.177 0.026 6.9 0 0.127 0.228 
 
APT-C: Restate 0.189 0.014 13.25 0 0.161 0.217 
 
SUGGEST: Response 0.197 0.013 15.12 0 0.172 0.223 
 
DECLARE: Present 0.198 0.013 15.02 0 0.172 0.224 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
SUGGEST: Approach 0.223 0.020 11.33 0 0.184 0.261 
Design Cycle 2 
! ! ! ! ! !
!
ELICIT: Pose 0.058 0.017 3.46 0.001 0.025 0.091 
 
APT-C: Share Reasoning 0.064 0.016 4.07 0 0.033 0.095 
 
ELICIT: Clarify 0.065 0.012 5.57 0 0.042 0.088 
 
DECLARE: Inform 0.089 0.009 10 0 0.072 0.107 
 
DECLARE: Present 0.114 0.011 10.41 0 0.093 0.136 
 
APT-C: Restate 0.115 0.013 9.12 0 0.090 0.139 
 
SUGGEST: Response 0.170 0.010 17.32 0 0.150 0.189 
Sample of Conversations 
! ! ! ! !
!
APT-C: Explain 0.044 0.014 3.08 0.002 0.016 0.072 
 
APT-F: Challenge 0.049 0.019 2.6 0.009 0.012 0.087 
 
DECLARE: POV 0.068 0.012 5.8 0 0.045 0.091 
 
APT-C: Add More 0.085 0.017 5.06 0 0.052 0.118 
 
ELICIT: Clarify 0.091 0.011 8.11 0 0.069 0.113 
 
APT-C: Say More 0.092 0.017 5.54 0 0.059 0.124 
 
DECLARE: Inform 0.105 0.010 10.79 0 0.086 0.124 
 
APT-F: Press Reasoning 0.113 0.019 5.88 0 0.075 0.150 
 
ELICIT: Pose 0.117 0.011 10.72 0 0.096 0.138 
 
APT-C: Share Reasoning 0.122 0.010 12.04 0 0.102 0.142 
 
APT-F: Revoice 0.132 0.021 6.33 0 0.091 0.173 
 
SUGGEST: Approach 0.150 0.016 9.27 0 0.118 0.181 
 
APT-C: Restate 0.151 0.011 13.57 0 0.129 0.173 
 
DECLARE: Present 0.153 0.010 14.93 0 0.133 0.174 
 
SUGGEST: Response 0.186 0.010 18.9 0 0.167 0.205 
Knowledge of Materials 
! ! ! ! !Conversation 1 
! ! ! ! ! !
!
SUGGEST: Role 0.028 0.010 2.81 0.005 0.008 0.047 
 
ADMIN: Pose 0.034 0.008 4.44 0 0.019 0.049 
 
ADMIN: State 0.035 0.008 4.31 0 0.019 0.050 
 
DECLARE: Inform 0.035 0.008 4.31 0 0.019 0.050 
 
DECLARE: Present 0.037 0.007 5.09 0 0.023 0.052 
 
ELICIT: Clarify 0.037 0.008 4.59 0 0.021 0.053 
Conversation 2 
! ! ! ! ! !
!
DECLARE: POV 0.038 0.013 2.85 0.004 0.012 0.063 
 
ELICIT: Pose 0.045 0.012 3.83 0 0.022 0.068 
 
DECLARE: Inform 0.050 0.012 4.23 0 0.027 0.073 
 
APT-C: Share Reasoning 0.053 0.011 4.97 0 0.032 0.075 
 
SUGGEST: Response 0.066 0.011 6.16 0 0.045 0.087 
 
ADMIN: State 0.067 0.011 5.89 0 0.045 0.089 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
APT-C: Say More 0.078 0.014 5.72 0 0.051 0.104 
 
DECLARE: Present 0.088 0.011 7.75 0 0.066 0.111 
 
APT-F: Revoice 0.098 0.019 5.3 0 0.062 0.135 
 
APT-C: Restate 0.105 0.011 10.03 0 0.085 0.126 
Conversation 3 
! ! ! ! ! !
!
ADMIN: State -0.188 0.070 -2.69 0.007 -0.324 -0.051 
 
ADMIN: Pose -0.176 0.057 -3.07 0.002 -0.288 -0.063 
 
ELICIT: Process -0.110 0.048 -2.31 0.021 -0.203 -0.017 
 
APT-C: Share Reasoning 0.093 0.033 2.8 0.005 0.028 0.158 
 
DECLARE: Inform 0.152 0.015 10.16 0 0.122 0.181 
 
DECLARE: Present 0.256 0.018 13.9 0 0.220 0.292 
 
APT-C: Restate 0.261 0.027 9.76 0 0.208 0.313 
 
SUGGEST: Response 0.265 0.020 13.41 0 0.227 0.304 
 
DECLARE: Activity 0.267 0.018 14.99 0 0.232 0.302 
Conversation 4 
! ! ! ! ! !
!
DECLARE: Inform 0.049 0.011 4.24 0 0.026 0.071 
 
APT-C: Restate 0.055 0.019 2.91 0.004 0.018 0.091 
 
SUGGEST: Response 0.061 0.019 3.22 0.001 0.024 0.098 
Design Cycle 1 
! ! ! ! ! !
!
ELICIT: Pose 0.025 0.009 2.85 0.004 0.008 0.042 
 
APT-C: Share Reasoning 0.031 0.007 4.36 0 0.017 0.044 
 
ELICIT: Clarify 0.032 0.009 3.45 0.001 0.014 0.050 
 
APT-F: Say More 0.035 0.015 2.35 0.019 0.006 0.065 
 
ADMIN: Pose 0.039 0.008 4.73 0 0.023 0.055 
 
DECLARE: Inform 0.043 0.007 5.86 0 0.029 0.058 
 
APT-C: Say More 0.046 0.010 4.85 0 0.028 0.065 
 
SUGGEST: Response 0.047 0.008 6.13 0 0.032 0.062 
 
ADMIN: State 0.051 0.007 7.07 0 0.037 0.066 
 
APT-F: Revoice 0.058 0.014 4.25 0 0.031 0.085 
 
DECLARE: Present 0.060 0.007 8.67 0 0.047 0.074 
 
APT-C: Restate 0.071 0.007 9.99 0 0.057 0.085 
Design Cycle 2 
! ! ! ! ! !
!
ADMIN: Pose -0.150 0.046 -3.28 0.001 -0.240 -0.060 
 
ADMIN: State -0.139 0.046 -3.05 0.002 -0.229 -0.050 
 
APT-C: Share Reasoning 0.069 0.023 3.02 0.003 0.024 0.114 
 
DECLARE: Inform 0.136 0.011 12.41 0 0.114 0.157 
 
APT-C: Restate 0.196 0.019 10.49 0 0.160 0.233 
 
SUGGEST: Response 0.224 0.015 15.16 0 0.195 0.253 
 
DECLARE: Activity 0.230 0.014 16.91 0 0.204 0.257 
 
DECLARE: Present 0.236 0.014 16.47 0 0.208 0.264 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
Sample of Conversations 
! ! ! ! !
!
APT-C: Add More -0.093 0.047 -2 0.046 -0.184 -0.002 
 
APT-C: Share Reasoning 0.033 0.010 3.22 0.001 0.013 0.054 
 
ELICIT: Clarify 0.045 0.010 4.35 0 0.025 0.065 
 
APT-C: Say More 0.054 0.017 3.2 0.001 0.021 0.087 
 
DECLARE: Inform 0.116 0.006 18.39 0 0.104 0.128 
 
SUGGEST: Response 0.133 0.008 16.87 0 0.117 0.148 
 
APT-C: Restate 0.136 0.009 15.25 0 0.119 0.154 
 
DECLARE: Activity 0.138 0.008 18 0 0.123 0.153 
 
DECLARE: Present 0.147 0.008 19.49 0 0.132 0.162 
Knowledge of Surfactant 
! ! ! ! !Conversation 1 
! ! ! ! ! !
!
APT-F: Challenge 0.038 0.017 2.2 0.028 0.004 0.072 
 
APT-C: Share Reasoning 0.044 0.010 4.3 0 0.024 0.064 
 
ELICIT: Clarify 0.053 0.014 3.88 0 0.026 0.080 
 
APT-F: Revoice 0.072 0.025 2.9 0.004 0.023 0.121 
 
APT-F: Say More 0.080 0.017 4.66 0 0.047 0.114 
 
DECLARE: Inform 0.086 0.011 8.06 0 0.065 0.107 
 
DECLARE: Present 0.089 0.010 9.24 0 0.070 0.108 
 
SUGGEST: Approach 0.098 0.045 2.19 0.028 0.010 0.185 
Conversation 2 
! ! ! ! ! !
 
ADMIN: Pose -0.245 0.121 -2.03 0.043 -0.481 -0.008 
 
ELICIT: Clarify 0.162 0.028 5.8 0 0.107 0.217 
 
APT-C: Say More 0.169 0.038 4.41 0 0.094 0.244 
 
APT-F: Say More 0.184 0.052 3.56 0 0.083 0.285 
 
APT-F: Press Reasoning 0.192 0.049 3.94 0 0.097 0.288 
 
DECLARE: Inform 0.193 0.023 8.3 0 0.147 0.238 
 
APT-C: Add More 0.227 0.033 6.87 0 0.162 0.291 
 
APT-C: Explain 0.244 0.023 10.56 0 0.199 0.289 
 
ELICIT: Pose 0.252 0.020 12.76 0 0.213 0.291 
 
APT-F: Challenge 0.256 0.032 8.04 0 0.194 0.318 
 
DECLARE: POV 0.272 0.020 13.67 0 0.233 0.311 
 
SUGGEST: Approach 0.272 0.034 7.91 0 0.205 0.340 
 
APT-F: Revoice 0.300 0.055 5.48 0 0.193 0.407 
 
APT-C: Share Reasoning 0.332 0.017 19.41 0 0.299 0.366 
 
SUGGEST: Response 0.362 0.018 19.93 0 0.327 0.398 
 
DECLARE: Present 0.386 0.024 16.13 0 0.339 0.433 
 
APT-C: Restate 0.408 0.022 18.44 0 0.365 0.451 
Conversation 3 
! ! ! ! ! !
!
APT-C: Explain 0.118 0.037 3.16 0.002 0.045 0.191 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
SUGGEST: Approach 0.126 0.047 2.65 0.008 0.033 0.218 
 
ELICIT: Clarify 0.154 0.020 7.74 0 0.115 0.193 
 
ELICIT: Pose 0.159 0.027 5.9 0 0.106 0.211 
 
APT-C: Add More 0.178 0.049 3.66 0 0.083 0.273 
 
APT-C: Share Reasoning 0.198 0.024 8.24 0 0.151 0.245 
 
DECLARE: Inform 0.201 0.016 12.49 0 0.170 0.233 
 
APT-F: Revoice 0.229 0.051 4.45 0 0.128 0.330 
 
APT-C: Restate 0.232 0.022 10.63 0 0.189 0.275 
 
DECLARE: Present 0.232 0.018 12.99 0 0.197 0.267 
 
SUGGEST: Response 0.324 0.016 19.77 0 0.292 0.356 
Conversation 4 
! ! ! ! ! !
 
DECLARE: Inform 0.035 0.009 3.85 0 0.017 0.052 
 
SUGGEST: Response 0.045 0.014 3.27 0.001 0.018 0.071 
 
APT-C: Restate 0.046 0.013 3.58 0 0.021 0.071 
Design Cycle 1 
! ! ! ! ! !
!
ADMIN: Action -0.202 0.095 -2.13 0.033 -0.387 -0.016 
 
APT-C: Say More 0.096 0.026 3.66 0 0.045 0.147 
 
ELICIT: Clarify 0.121 0.020 6.2 0 0.083 0.159 
 
APT-C: Add More 0.123 0.024 5.22 0 0.077 0.169 
 
APT-C: Explain 0.124 0.017 7.28 0 0.091 0.158 
 
DECLARE: POV 0.129 0.015 8.39 0 0.099 0.160 
 
APT-F: Challenge 0.139 0.022 6.39 0 0.096 0.181 
 
APT-F: Say More 0.148 0.029 5.04 0 0.090 0.206 
 
DECLARE: Inform 0.165 0.016 10.05 0 0.132 0.197 
 
ELICIT: Pose 0.169 0.016 10.8 0 0.138 0.200 
 
APT-C: Share Reasoning 0.186 0.014 13.44 0 0.158 0.213 
 
APT-F: Revoice 0.189 0.034 5.58 0 0.123 0.256 
 
SUGGEST: Approach 0.228 0.027 8.46 0 0.175 0.280 
 
DECLARE: Present 0.232 0.016 14.94 0 0.202 0.262 
 
APT-C: Restate 0.248 0.017 14.95 0 0.215 0.280 
 
SUGGEST: Response 0.250 0.015 16.52 0 0.220 0.279 
Design Cycle 2 
! ! ! ! ! !
 
APT-C: Add More 0.097 0.033 2.96 0.003 0.033 0.161 
 
ELICIT: Pose 0.100 0.019 5.21 0 0.062 0.137 
 
SUGGEST: Approach 0.101 0.033 3.09 0.002 0.037 0.166 
 
ELICIT: Clarify 0.105 0.014 7.55 0 0.078 0.132 
 
APT-C: Share Reasoning 0.119 0.017 6.98 0 0.085 0.152 
 
APT-F: Revoice 0.146 0.034 4.28 0 0.079 0.213 
 
DECLARE: Inform 0.148 0.011 13.54 0 0.127 0.170 
 
APT-C: Restate 0.168 0.015 11.1 0 0.138 0.197 
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    dy/dx (Pr) 
Delta-
Method Std. 
Err.  
z  P>|z|  Lower  95% CI 
Upper 
95% CI 
 
DECLARE: Present 0.183 0.013 14.25 0 0.158 0.208 
 
SUGGEST: Response 0.239 0.012 20.4 0 0.216 0.262 
Sample of Conversations 
! ! ! ! !
!
ADMIN: Action -0.190 0.082 -2.33 0.02 -0.350 -0.030 
 
ADMIN: Pose -0.085 0.032 -2.67 0.008 -0.147 -0.022 
 
ELICIT: Process -0.074 0.034 -2.17 0.03 -0.141 -0.007 
 
ADMIN: State -0.070 0.030 -2.35 0.019 -0.128 -0.011 
 
SUGGEST: Process -0.049 0.023 -2.12 0.034 -0.094 -0.004 
 
APT-F: Press Reasoning 0.066 0.031 2.14 0.032 0.006 0.125 
 
APT-C: Say More 0.084 0.021 4.04 0 0.043 0.124 
 
APT-C: Explain 0.091 0.013 7 0 0.066 0.117 
 
ELICIT: Clarify 0.097 0.012 7.87 0 0.073 0.121 
 
DECLARE: POV 0.099 0.012 8.51 0 0.076 0.122 
 
APT-F: Challenge 0.100 0.017 5.82 0 0.067 0.134 
 
APT-C: Add More 0.112 0.018 6.18 0 0.077 0.148 
 
APT-F: Say More 0.120 0.023 5.23 0 0.075 0.164 
 
DECLARE: Inform 0.141 0.010 14.73 0 0.122 0.160 
 
ELICIT: Pose 0.142 0.012 12.24 0 0.119 0.164 
 
APT-C: Share Reasoning 0.163 0.010 16.09 0 0.143 0.183 
 
APT-F: Revoice 0.165 0.025 6.72 0 0.117 0.213 
 
SUGGEST: Approach 0.167 0.020 8.51 0 0.129 0.206 
 
DECLARE: Present 0.201 0.010 19.27 0 0.181 0.222 
 
APT-C: Restate 0.203 0.012 17.62 0 0.181 0.226 
 
SUGGEST: Response 0.244 0.010 24.72 0 0.225 0.263 
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